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FROM OVENS  

 

Oliviu MATEI  

Technical University of Cluj-Napoca, North University Centre of Baia Mare 

oliviu.matei@cunbm.utcluj.ro 

 

 

 

Keywords: ovens, statistics 

 

Abstract: The paper presents the preliminary results after analyzing the field data from 85 

ovens deployed in the United States. We research especially the behavioral pattern of the 

user regarding the openings of the door and we prove that there are obvious relations 

between the pattern and some specific features, such as day of the week and hours of the 

day.  

 

 

 

1. INTRODUCTION 

 

 This paper presents the preliminary results after analyzing the data field collected from 

85 ovens deployed in the United States.  

We research a database of more than 1,000,000 records for several electrical 

appliances installed in real test field, containing data from ovens as well as from refrigerators. 

However our focus is on the behavioral pattern regarding the openings of the oven doors 

because there was no availability for refrigerator openings. For our specific purpose, we took 

into account a specific model of oven, namely Kenmore Elite 97102, having the serial number 

E02A82C5BEC0. 

Of course, this is not the first attempt to analyze field data. This is crucial for any 

serious research and has been done in several domains, such as education [1], seismology [2], 

wildlife [3] and ecology [4]. 

On the other hand, ovens are part of our daily life, therefore a significant amount of 

scientific literature has been dedicated to them, especially with respect to temperature, home 
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and related aspects by Darigny et. al. [5], Omura et. al. [6], Li et. al. [7] and Boulet et. al. [8] 

and energy consumption [9].   

 

 

2. METHODOLOGY 

 

 The data covers roughly 7 weeks: 15.11.2013 – 25.12.2013 and consists of 305 

records. The data looks like in table 1. 

 

Table 1. A snapshot of the database containing the data to be analysed 

Timestamp DW Date Hour Door_Close 

15.11.2013 00:28 6 15.11.2013 0 TRUE 

 15.11.2013 00:28 6 15.11.2013 0 FALSE 

 15.11.2013 01:11 6 15.11.2013 1 TRUE 

 15.11.2013 01:11 6 15.11.2013 1 FALSE 

 15.11.2013 01:40 6 15.11.2013 1 TRUE 

 15.11.2013 01:41 6 15.11.2013 1 FALSE 

 15.11.2013 01:44 6 15.11.2013 1 TRUE 

  

 The Timestamp and Door_Close are from the database. The day of the week (DW), 

Date and Hour fields have been drawn from the timestamp. A preliminary inspection of the 

data shows that the values are consistent (e.g. the number of records with Door_Close = 

TRUE is equal with the number of records with Door_Close = FALSE). 

 We research the correlations: 

a) Day of the week vs. number of openings of the door of the oven; 

b) Hours of the day vs. number of openings; 

c) Days of the week vs. hours when the door was opened. 

 

 

3. RESULTS 

 

3. 1. Day of the week vs. number of openings of the door of the oven 

The scatter plot derived from the data depicted in Fig. 1. The X axis represents the 

days of the week (1 = Monday… 7 = Sunday). The Y axis shows the number of openings. 

The statistical correlation factor (as defined by Hedges [10] or Hotelling [11]) between 

the days of the week and the number of openings is 0.1097, which shows that there is no 

statistical correlation between the two. But that does not mean that the two data sets are not 

related. For instance, it is obvious that on Tuesday the oven is not used at all. 
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Fig. 1 – Day of the week vs. number of openings 

 

3.2. Hours of the day vs. number of openings 

The scatter plot is depicted in Fig. 2. 

 

 

Fig. 2 – Hours of the day vs. number of openings 

 

The X axis shows the hours (0..24) and the Y axis represents the number of openings. 

For relevance of the data, the time consists only of hours, not of minutes. 

The correlation factor is -0.202 which says that there is no significant statistical 

correlation (although more than in the previous case – DW vs. number of openings). 

However, some conclusions can be drawn, such as that the oven is used over the night and is 

idle from 4:00 to 9:00. 
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3.3. Days of the week vs. hours when the door was opened 

The scatter plot is shown in Fig. 3. The X axis represents the days of the week (1 – 

Monday,.. 7 = Sunday) and Y axis shows the hours when the door was opened. For relevance, 

the time contains only the hours, not the minutes. The correlation factor is 0.0247, which 

means that there is no statistical relation between the two data sets. 

 

 

Fig. 3 – Days of the week vs. hours of the day when the door was opened 

 

 However, a close look at the plot shows that: 

 The oven is not used on Tuesdays (the conclusion was draws also previously – see 

section 3.a)); 

 The over is not used from 4:00 – to 9:00 (see section 3.b)); 

 The time when the oven starts being used goes later over the week: 

o on Mondays, the oven starts working around 9:00; 

o on Tuesdays: off; 

o on Wednesdays: starts around 11:00; 

o on Thursdays: starts around 17:00; 

o on Fridays: starts around 13:00; 

o on Saturdays: starts around 16:00; 

o on Sundays: starts around 19:00. 

 

 

4. CONCLUSIONS 

 

In this research we analyzed only raw data, with no preprocessing (e.g. using only 

relevant data, by removing exceptions). However, the preliminary results are good and 

promising.  
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The first conclusion is that the data is consistent and relevant. Although there is no 

statistical correlation between the datasets compared, we could draw some interesting 

observations: 

o The oven is not used on Tuesdays; 

o The over is not used at all from 4:00 – to 9:00; 

o The time when the oven starts being used goes later over the week. 

The data processed covers only seven weeks, which is a reasonable interval, but to 

make sure that the observations are correct, they should be applied on larger intervals, at least 

at this research stage. 

 

 

5. FURTHER RESEARCH 

 

 We used all the data, but we can remove some exceptional situations, which will make 

the observations more relevant: 

 In section 3.a), Mondays and Thursdays have less probability of using the oven 

as well as the number of openings above 40; 

 In section 3.b), it is obvious that the case with more than 25 openings is not 

common and could be dropped. 

 In other words, we could discard observations with probability less than a specific 

threshold (which needs to be determined experimentally). Moreover, we can try predictions 

based on the existing data.  

 An attractive research direction is distributed data stream mining [12] in the home 

environment to extract patterns from data provided by multiple household appliances (stove, 

refrigerator, central heating), based on mobile agents technology [13] that can improve the 

usage of Big Data volumes. 
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Abstract: The paper presents an evaluation of analytical self and mutual impedances 

formulas of lines with earth return, taking into account the ground correction terms. The 

determined formulas contain semi-infinite integral terms which are calculated by a novel 

stable and efficient numerical integration scheme in order to overcome the involved 

oscillation problems. It might seek approximations of the semi-infinite integrals by 

replacing an exponential or algebraic function, the objective being to permit analytic 

integration. Since there is no good systematic method for making these replacements, their 

success depends directly on the intuition and ingenuity, taking into account that in practice 

the integrand has limited accuracy. 

 

 

 

1. INTRODUCTION 

 

 The problem of environmental effects and electromagnetic interferences produced by 

time varying electric and magnetic fields due to A.C. currents flowing through high voltage or 

medium voltage power lines have been the topic of numerous research papers over the last 

decades [1-3]. Therefore, it is well known that due to inductive and capacitive couplings, 

dangerous eddy currents could be induced in any metallic structure placed nearby overhead or 

underground power lines. These dangerous situations could be also detected in case of 

underground electrical cables or cable screens, designed to attenuate the electric and magnetic 

field distributions in the surrounding zone. The result consists in insulation overheating which 

leads to structural integrity of these cables [4, 5]. 

mailto:Emil.Simion@ethm.utcluj.ro
mailto:Dan.Micu@ethm.utcluj.ro
mailto:Levente.Czumbil@ethm.utcluj.ro
mailto:Denisa.Stet@ethm.utcluj.ro
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There are generally two ways to analyze the electromagnetic interference between 

transmission lines and nearby parallel metallic structures: (1) using the conventional circuit 

method along with grounding analysis or (2) using the electromagnetic field method. 

Regardless of the method used, an essential step during the numerical algorithm is the 

computational of the self and mutual impedances of the underground/aerial conductors. 

There are many efforts to solve the problem in the reference materials, but usually the 

authors made the approximations derived from the circuit’s theory. Many physical events 

cannot be taken into account using the elements with concentrated parameters, i.e. grounding 

resistors, capacitors and inductances to describe the behavior into the soil. To avoid 

mathematical difficulties, it is introduced some simplifications, which conceal the physical 

picture of the problem. Skin effect in the soil, especially for different earth's resistivity, is 

hidden in empiric formulas, diagrams and nomograms, usually applied in power engineering. 

For this reason, it has been decided to take the physical base as an essential electromagnetic 

starting-point and the applied mathematical methods used to compute the self and mutual 

impedances, will be only the consequence of such a treatment [6]. 

 

 

2. EARTH RETURN IMPEDANCE EVALUATION USING CARSON FORMULAS 

 

J. R. Carson published a theory [7] suitable to calculate the electromagnetic fields due 

to a horizontal current carrying conductor, which is above a lossy earth. The integral found by 

Carson is usually applied for the calculation of self and mutual impedance of lines with earth 

return. He was one of the firsts who evaluated transmission line parameters and found 

expressions for the elements of the impedance matrix Z that nowadays serve as a good 

reference under the name “Carson’s equations”. Accordingly to this theory, the calculation of 

line impedance (self and mutual impedance of lines with earth return) is based on equations 

that contain semi-infinite integrals with complex arguments. For evaluation of these integrals, 

infinite series and also some convenient approximations for low frequencies have been 

proposed.  

In the mutual impedance equation (1) could be identified a Sommerfeld integral [6, 8], 

highlighted in equation (2),  
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which formulates a solution J = P + jQ in the form of a sum of eight infinite series (figure 1): 
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Fig. 1 – Representation of the P and Q functions 

 

The infinite series are rapidly convergent and an implementation in a numerical 

computation software lead to the function J, plotted against r and θ and using n = 5 as the 

number of considered factors [9]. 

 

Fig. 2 - Function J plotted against r and θ 

 

Introducing in inductances relations the (concept of) skin depth these parameters 

becomes a complex numbers with terms which represent the energy dissipation in the ground. 

This principle is available for conductor’s self and mutual inductance calculations [10]. 
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Fig. 3 – Geometrical configuration using a fictive ground return plane 

 

The complex ground return plane could be explained using some fundamental 

equations for self and mutual impedances of the ideal conductor (complex plane). It starts 

with the ideal conductor/ground return (self and mutual) impedances: 
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The impedances Zmg, Zsg are the Carson’s ground correction terms of the mutual and 

self-impedance per unit length that introduce the skin depth effect in the ground.  

Could be recognizing in the first term of the equations (4), with the effect hypothesis 

(the alternative current is concentrating on the conductor exterior surface) [10]. The ground 

correction term of the impedances per unit length is: 
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After evaluating the semi-infinite integrals using series expansion it is obtained the 

following expressions of impedances, using the complex earth return plane: 
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These equations provide simple and also remarkably accurate substitutes to Carson’s 

equations (electronic handheld calculators can evaluate them instead of computers) over the 

whole range of frequencies. 

The authors developed an algorithm which can compute the error between the 

formulas for self and mutual impedances, for arbitrary geometries (see the results in figure 4) 

with the following steps (figure 3): 

 

Fig. 4 – Error computation using a Mathcad algorithm 

 

 

Fig. 5 - Relative error between the formulas for self and mutual impedances, for arbitrary geometries 
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3. EARTH RETURN IMPEDANCE EVALUATION USING POLLACZEK 

FORMULAE 

 

Pollaczek [11] derives a solution for the electromagnetic coupling problem by 

following roughly the same path as Carson. His solution is also formulated in an integral 

from, however this integral is a doubly infinite one compared to Carson’s semi-infinite one. 

To calculate buried cable earth impedances, one has to solve Pollaczek’s integral, which, as 

the one by Carson, does not have a closed form solution.  

But, whilst Carson’s integral can be solved numerically with relative easiness (using 

the infinite series expansion), Pollaczek’s integrand is highly oscillatory and irregular. For 

this reason, its integration by series or by general purpose algorithms presents convergence 

problems. Wedepohl [12] has proposed a series solution to Pollaczek’s integral, but this series 

is very difficult to handle and has slow convergence rate at certain application ranges [13]. 

 

Fig. 6 - Underground transmission network 

 

For a system of two underground cables, presented in figure 6, the self and mutual 

impedances can be calculated with equation (8)  
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where J is the infinite integral and has the form emphasized in equation (9): 
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By introducing in equation (8) the variable change: pu /  respectively considering 

that

uju

j
uju




2

2 , a new formula for J is obtained: 
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It should be noted that h and x are always divided by |p|, which is interpreted as 

normalizations of distances h and x with respect to the penetration depth |p|. Thus, the 

following reduced dimensions parameters are introduced in equation (10):
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in order to obtain a final formula for J, that highlights the fact that this integral is a function of 

dimensionless variables ξ and η only: 
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Fig. 8 - Graphical representation of F(u)-u and 12∙G(u) 
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Based on figures 7 and 8 an asymptotic approximations could be considered, used to 

formulate approximation criteria of the integral: 
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The first term from equation (11) is a complex function, with real and imaginary 

components that are decreasing dependent on the physical parameters of the cable system. As 

opposed to the first mentioned term, the other three terms are depending on the cable system 

physical properties. Based solely on the second term, a truncation criterion for integral is 

proposed. By replacing the semi-infinite integral with a finite one: 
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which leads to the relative error of the approximation: 
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Using empirical methods [14] it is possible to establish the value of    to provide 

umax>2.  The third term from equation (12) is a complex one, with irregular oscillations  

        uGjuGuGj  sincosexp      (16) 

If the condition from equation (17) is fulfilled, the last term does not oscillate:  
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The graphical representation of 12∙G(u) from figure 8, is made for a value of ξ 

parameter higher than the value indicated in equation (17). 

Each value which is an odd multiple of π/2, corresponds to a zero crossing of the 

cosine term in (16), while even multiples of π/2 correspond to the zeros of the sine term. The 

total number of zeros is 
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Figure 9 shows the irregular oscillations of the third term by a set plot for   uGcos

and   uGsin  for different values of ξ. 
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Fig. 9 - Graphical representation of cos[ξG(u)]and sin[ξG(u)] 

 

The fourth term from equation (12) is a cosine function, so it is an oscillatory regular 

term. The number of zeros within the truncated interval of u (that is [0, umax]) is: 
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This doesn’t present oscillations in the truncated interval if: 
max2 u


  . 

Uribe [14] does a comprehensive study of Pollaczek’s integral and points out the 

difficulties encountered when attempting its numerical solution. His analysis provides a 

strategy to avoid these difficulties. Furthermore, he provided solutions to Pollaczek’s integral 

in graphic form for a broad range of applications besides normalized impedances for 

underground cables within the same broad application range. Finally, he compares the 

normalized impedances against those from a widely used approximation. His studies focus 

mainly on underground cables. 

 

 

4. PROPOSED NUMERICAL INTEGRATION PROCEDURES 

 

New analytical formulas for ground correction terms for self and mutual impedances 

are derived [6, 15, 16]. The determined formulas contain semi-infinite integral terms which 

are calculated by a novel stable and efficient numerical integration scheme in order to 

overcome the problems arising from the oscillate form of the infinite integrals. 

In the solution of larger electromagnetic interference problems, it is often needed the 

evaluation of an integral that is function of a parameter. A choice of numerical integration 

may be given by the use of a family of orthogonal polynomials. These polynomials generate a 

Gaussian quadratic rule, according to the following theorem: assume a weight function on the 

interval [a; b], respectively a family of orthogonal polynomials {φk(x)} with respect to this 

weight function and this interval [6, 16]. 
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The quadratic rule is defined by: 
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For xi(n) the roots of φn and wi
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is given by relation above: 
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Then Gn(p) is exact for all polynomials 1n2Pp  , and there exists ]b;a[  such that  
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For all  ]b;a[Cf n2 , where: 
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Appling this theorem to construct a Gaussian quadratic rule for semi-infinite integrals 

of the form leads to: 

   


 

0

dxxfefI x   (24) 

For our case, the weight function is the reduced decaying exponential   xexw  , so 

the orthogonal polynomial family that we need to use is the Laguerre family. We choose the 

solutions of the fourth-order Laguerre polynomial: 
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Then the weights are correspondingly evaluated, by the particular form of relation 

above: 

  
  

     











0

4

,1
44

4
4

1
ikk ki

khx

xx

xx
ehw   (26) 

The parameter h provides an extension in the numerical evaluation of the semi-infinite 

integral. These weight integrals are computed using some kind of numerical integration 

routine, such as the trapezoid of Simpson rule. Their values, according to the imposed 

parameter are exposed in the following Table 1: 

Table1. Numerical values of the weight integrals 

h [m] 1 2 3 

w1 0.693 0.441 0.339 

w2 0.357 0.056 -0.011 

w3 0.039 0.0024 0.0055 

w4 0.0005 -0.00019 -0.00047 
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On these conditions, we may apply the explained solving procedure to the case of a 

semi-infinite integral involving the evaluation of a pipeline to ground impedance [15], and 

indirectly the induced potential or current density on the metallic pipeline due to the 

coexistence with a high voltage power grid, above the ground. The explicit integral is: 
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Considering the evaluation of this integral at the surface level of the earth y=0 and the 

m coefficient depends on the value of the working frequency of the power grid, as this 

relation shows: 
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the involved function is: 
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and it remains only to apply and evaluate the quadratic rule: 
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For an imposed test parameter u=1,2,3, in the conditions presented above, regarding 

the weight integrals and the parameter h, a matrix of results it is achieved.  

 

Table2. Numerical values of the semi-infinite integral – test case 

  u 

h 
1 2 3  

1 0.868-1.681j 0.646-1.231j 0.049-0.946j 

·10
-5 2 0.647-1.411j 0.531-1.036j 0.042-0.797j 

3 0.584-1.01j 0.039-0.736j 0.029-0.565j 

 

It is worthwhile to notice that the results are complex values, and their physical 

significance relates to mutual impedance, with the real part – the resistance and the imaginary 

part – the reactance.  

It is observed that most of the area under integrand occurs for small values of x, 

especially when y is large. This fact suggests that we might seek approximations of integral 

by replacing an exponential or algebraic function, the objective being to permit analytic 

integration.  

Since there is no good systematic method for making these replacements, their success 

depends directly on the intuition and ingenuity, taking into account that in practice the 

integrand has limited accuracy. 
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4. CONCLUSIONS 

 

The paper presents a numerical evaluation of the self and mutual impedance formulas 

for lines with earth return, formulas which contain semi-infinite integrals with high oscillation 

integrand. New analytical formulas for these terms are presented in the paper. We might seek 

approximations of the semi-infinite integrals by replacing an exponential or algebraic 

function, the objective being to permit analytic integration. Since there is no good systematic 

method for making these replacements, their success depends directly on the intuition and 

ingenuity, taking into account that in practice the integrand has limited accuracy. 

It can be observed that the integrand of Pollaczek infinite integral has negative real 

part and positive imaginary part at high frequencies, which result in negative resistance and 

inductance. The incorrect integrant in a high frequencies region causes the numerical 

instability of the infinite integral. So, it is necessary to find an applicable analytically limit for 

this infinite integral. 

However, it is very hard to calculate the earth-return impedance, but a very promising 

solution to the problem might be a numerical electromagnetic analysis which not requires any 

impedance and admittance formulas, which are compulsory to use in circuit theory approach. 
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Abstract: The paper approaches the mathematical model of electrical resistance of 

hydrodynamic journal bearing under different parameters of operation so as to predict 

bearing performance and safe load carrying capacity. The currents circulating in the 

journal bearing of electrical machine causes reducing of lifespan by appearance of pitting 

on their surface and the degradation of the lubricant. In a hydrodynamic journal bearing, 

the zone of minimum film thickness, load-carrying oil film varies along the circumference 

of a bearing through its length. This has been found to form a capacitor of varying 

capacitance between the journal and the bearings dependent on permittivity of the 

lubricant used, the bearing length, the eccentricity ratio and the clearance ratio. Besides 

this, load-carrying on oil film offers resistance that depends on operating parameters and 

resistivity of the lubricant. 

 

 

 

1. INTRODUCTION 

 

 On the metallic surfaces of the lining and shaft of the hydrodynamic journal bearing 

found in dynamic functioning mode, free electric charges appear, producing an electric field 

in the lubricant film. This electric field causes current either by the resistance effect that 

occurs between the two plates and by the capacitive effect. Current through the bearings 

longer appears due to voltage induced in the machine shaft. The study of induced voltage in 

the electrical machine shaft was approached by the authors in [2] and the electric bearing 

mailto:eleonora.pop@cunbm.utcluj.ro
mailto:gherasim.domide@cunbm.utcluj.ro


Carpathian Journal of Electrical Engineering                          Volume 8, Number 1, 2014 

27 

capacity calculation in [3]. In this paper only electrical resistance of the hydrodynamic journal 

bearing will be approached. This theme was initially approached by the authors in [4]. 

The induced currents circulating through the bearings increase the losses of the 

machine, besides reducing its lifespan. The losses in asynchronous machine and the theme of 

decreasing losses, was approached by authors in [5].  

The majority of the electric charges are found in the area where the lubricant film is at 

the minimum, noted with h0. The oil used for the lubrication of the bearing has an electric 

resistivity that depends on its physical characteristics, especially on its viscosity and its 

consistency. The electric resistivity of the lubricant also depends on the number and nature of 

the impurities found in the lubricant and on some other products, such as additives, which are 

used in the oil from the lubricating circuit. As a result of the fact that the metallic surfaces of 

the lining and of the shaft are electrically charged, and the oil used for the lubrication of the 

bearing has a low electric conductivity, an electric resistance appears in the bearing.  The 

journal bearing with hydrodynamic lubrication has a variable thickness of the lubricant film 

along the circumference, the minimum thickness being noted with h0. As a result of the fact 

that the electric charges are spread unevenly on the metallic surfaces of the shaft and of the 

lining and that the distance between the metallic surfaces is uneven, we can speak of a 

specific electrical resistance which exists in the electric field tube that appears between the 

shaft and the lining of the bearing.  

 

 

2. DETERMINATION OF THE THEORETICAL ELECTRICAL RESISTANCE OF 

THE BEARING 

 

 The specific electrical resistance of the journal bearing depends on the resistivity of 

the lubricant ρ, on the area of the metallic surfaces of the shaft and lining, on the eccentricity 

ratio e and on the lap c that exists between the shaft and the lining of the bearing. The specific 

electrical resistance of the bearing is the lowest in the point where the lubricant film has the 

minimum thickness h0 and it increases once with the increase of the lubricant film. In a 

journal bearing, the thinner the film is, the higher the electrical conductivity gets. This means 

that the electric charges accumulated on the metallic surfaces of the shaft and of the lining 

will be passing easier through the lubricant film in the area where the film is thinner. In this 

area the lubricant film is also subjected to very high pressure p, due to the charging of the 

bearing. These external forces affect the geometry of the oil molecules, which leads to the 

increase of the electric conductivity of the lubricant.   

The uneven distribution of the electrical charges on the metallic surfaces of the shaft 

and lining and the uneven thickness of the lubricant film make the calculation of the electrical 

resistance of a hydrodynamic journal bearing a very difficult one. In order to calculate the 

equivalent electrical resistance, which appears in the electric field tube existing between the 
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metallic surfaces of the bearing shaft and lining, we started from the fact that the specific 

electrical resistance of the bearing is minimal in the area where the thickness of the lubricant 

film is minimum h0. The calculation of the electrical resistance has been done in the area 

where the majority of the electrical charges are found and where the thickness of the lubricant 

film is at its minimum, this means the area where the position angle takes values from +  to –

  reported to h0. We named this value of the electrical resistance of the hydrodynamic journal 

bearing, the equivalent electrical capacitance of the field tube. The conducted theoretical and 

practical studies confirm the fact that the total electrical resistance of a hydrodynamic journal 

bearing is very close to the value of the equivalent electrical resistance, calculated in this 

mode. 

The determination of the equivalent electrical resistance of the bearing is made starting 

from the schematic representation of the bearing illustrated in Figure 1.  

 

 

Fig. 1 - The configuration of the shaft in the hydrodynamic journal bearing [2] 

 

The thickness h of the lubricant film in an arbitrary point C on the bearing surface, 

situated at an angle  from position where the thickness of the lubricant film has the minimum 

value h0, is given by the following formula: 

  cos1 rCh      (1) 

where  

    is the eccentricity ratio; 

   is the angle from the vertical position of the bearing; 

 Cr is the distance from the bearing center, O, to the h0. 

And the minimum film thickness is obtained when  = 0 and given as: 

  10 rCh      (2) 
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The change in conductance/resistance-1 (ΔFb) between two rectangular plates of width 

dX  situated between (X + dX) and X along X-axis (along the bearing circumference) of 

bearing length L (along Y-axis) located at the attitude angles varying between ( + d) and  

and separated by a film thickness varying between h + Δh and h ( Fig. 1), is given as: 

h

LdX
Fb


       (3) 

From relation 3, we find that the variation of the conductance depends on the thickness 

of the lubricant film h and the thinner h is, the higher the conductance is. Along the 

circumference of the bearing, the thickness of the lubricant film is minimal in point h0. The 

further we get from this point and the higher the angle θ becomes, the thicker the lubricant 

film becomes, reason for which the conductance F decreases.  

In order to find the highest value for the conductance of the lubricant film for a 

hydrodynamic journal bearing, we’ll integrate between the position angle + and– reported 

to the minimum thickness of the lubricant film noted with h0. In point h0 the position angle is 

zero, thus  = 0.  From figure 1, it is evident that 

2

dd
dX


       (4) 

If we substitute relations 1 and 4 in relation 3, the variation of the electrical 

conductance for the hydrodynamic journal bearing, represented in figure 1, is given by 

relation 
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After the integration of this relation between the the position angle + and– reported 

to the minimum thickness of the lubricant film noted with h0, we obtained the following 

relation for the equivalent electrical resistance of the hydrodynamic journal bearing: 
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The specialized publications in this field [4] confirm the fact that the variation of the 

specific electrical resistance of the hydrodynamic journal bearing is maximum between the 

limits in which the position angle takes the values +/4 şi –/4, reported to the area where the 

thickness of the lubricant film is minimal, and the position angle  takes the value zero.  

Having these conditions for the integration interval, the equivalent electrical resistance 

of the hydrodynamic journal bearing is determined with relation  
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Where: 

ε is the eccentricity ratio; 

 is the bearing shaft length and diameter ratio ( = L/d); 

ρ is resistivity of lubricant  

To study the variation of the equivalent electrical resistance of the bearing, we used 

the hydrodynamic journal bearing, which in dynamic functioning mode has 360 or 600 

revolutions and 3600 rotations/minute, and the lubricant used is an oil with additives for 

LA32 type bearings, which has the electrical resistivity ρ=1014 Ω·cm. 

 

2.1 The influence of the ratio ψ over the equivalent electrical resistance Rb 

The study of the variation of the equivalent electrical resistance Rb for the 

hydrodynamic journal bearing when ratio ψ modifies, has been conducted considering that the 

eccentricity ratio ε and the ratio δ between the length and the diameter of the shaft are 

constant. The study of the variation of the equivalent electrical resistance Rb for the bearing is 

conducted for the situation in which the same lubricant, the LA 32, STR 5152-89 type of oil is 

used for the hydrodynamic journal bearing. The electrical resistivity ρ of the lubricant used 

for the lubrication fo the bearing has the value 1014 Ω·cm. The hydrodynamic journal bearing 

considered to be the experimental bearing, has: 

lap c = 0,08 mm;   

ratio ψ = 0,0013. 

In order to determine the mode in which the variation of parameter ψ influences the 

variation of the equivalent electrical resistance Rb for the hydrodynamic journal bearing, we 

assumed that the lap c of the shaft modifies with +/-0,01 mm reported to the value obtained 

through calculation, which for this bearing is of 0,08 mm. In this situation, the lap c between 

the shaft and the lining of the bearing, which the calculation showed to be 0,08, modifies and 

is found in the interval 0,07 – 0,09. For a variation of lap c of the bearing, in the interval 0,07 

– 0,09, ratio ψ will have a variation between 0,0011 and 0,0015. The variation of the 

equivalent electrical resistance for the hydrodynamic journal bearing, for the three values of 

ratio ψ: 0,0011, 0,0013 and 0,0015 are presented in table 1.  

Table 1.  The variation of the equivalent electrical resistance with the ψ ratio 

 

  Ratio ψ [mm]    0,0011 0,0013  0,0015 

The bearing resistance [10
9
 Ω] 0,9     2.27      2.67       3.088 

The bearing resistance [10
9
 Ω] 0,72     2.30      2.71       3.14 

The bearing resistance [10
9
 Ω] 0.58     2.32      2.74       3.17 

 

The next graphs show the variation of the echivalent electrical resistance of the bearing
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Fig. 2 - The variation of the equivalent electrical resistance of the bearing with ψ ratio 

 

2.2 The influence of the eccentricity ratio ε over the equivalent electrical resistance 

The study on the influence of the eccentricity ratio ε over the equivalent electrical 

resistance of the bearing, Rb, is made keeping constant the values of ψ ratio and δ ratio. The 

resulted values are presented in Table 2. 

 

Table 2. The variation of the equivalent electrical resistance with the ε ratio. 

 

  The eccentricity ratio  ψ 0,58 0,72 0,9 

The bearing resistance [10
9
 Ω] 0,0015 1,52 1,10 0,51 

The bearing resistance [10
9
 Ω] 0.0013 1,31 0,94 0,44 

The bearing resistance [10
9
 Ω] 0,0011 1,11 0,80 0,37 

 

The next graphs show the variation of the equivalent electrical resistance of the bearing. 
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Fig. 3 -  The variation of the equivalent electrical resistance of the bearing with  ratio 

 

Table 3 The variation of the equivalent electrical resistance with the ε ratio. 

  The eccentricity ratio  δ 0,58 0,72 0,9 

The bearing resistance [10
9
 Ω] 1/2 1,31 0,95 0,44 

The bearing resistance [10
9
 Ω] 1 0,65 0,47 0,22 

 

The next graphs show the variation of the equivalent electrical resistance of the bearing. 

 

 
Fig. 4 - The variation of the equivalent electrical resistance of the bearing with δ ratio 

 

Experimental study of electrical resistance of hydrodynamic journal bearings was carried out 

using the stand presented in fig. 5. 

   

a) Stand scheme                                                b) Stand foto 

Fig. 5 – Stand for determination electrical resistance  
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Data are acquired with a frequency of three samples per second and transmitted to a personal 

computer via the standard RS232 serial interface. Transfer rate is 2400 bps. 

The studied radial bearing has a nominal diameter D = 60 mm and the width L = 30 mm, 

bronze material in the composition 88% Sn, 8% Sb, 4% Cu, and the journal material is 18MoCr10. 

Effective diameters of the journal and liner are de= 59.85 mm, De=59.93 mm and bearing 

width is L = 30 mm. Input speed variation is achieved by means of a gearbox, which provides speeds 

of 120, 360, 600 and 960 rev / min. 

The measured value of the electrical resistance of the hydrodynamic journal bearings at the 

speed of 120 rev / min, after having been filtered through the sliding average method, are shown in 

Fig. 6. 

 

Fig. 6 – Electrical resistance variation with time(s) 

 

 

3. CONCLUSIONS 

 

The theoretical values of the equivalent electrical resistance Rb of the experimental 

bearing, presented in three tables and three figures, lead to the following conclusions: 

The value of the equivalent electrical resistance Rb of the bearing increases if the ψ 

ratio increases. The increase of the value of the equivalent electrical resistance once with the 

increase of ratio ψ is justified, because the lubricant film thickens. Once with the increase of 
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the lubricant film thickness, the conductivity of the oil used to lubricate the bearing decreases, 

which leads to the increase of the equivalent electrical resistance of the bearing.   

The value of the equivalent electrical resistance Rb of the bearing decreases if the 

eccentricity ratio ε increases. The increase of the eccentricity leads to the decrease of the 

lubricant film. The decrease of the lubricant film between the shaft and the lining results in 

the decrease of the equivalent electrical resistance of the bearing.  

The value of the equivalent electrical resistance Rb of the bearing decreases if the 

bearing length and diameter ratio increases. The increase of ratio δ, between the length and 

the diameter of the tree shaft, from value ½ to 1, is equivalent to the increase of the surface of 

the bearings shaft and liner. The increase of the metallic surfaces of the shaft and liner, which 

are electrically charged, leads to the increase of the lubricant film conductivity, which means 

the decrease of the electrical resistance of the bearing. 

Experimentally it was observed that the electrical resistance is not constant over time. 

At the beginning of operation it grows and then tending to stabilize at a maximum value. 
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Abstract: The efficiency of any device is a major problem today. The design and 

construction of high efficiency motors is strongly required from the viewpoint of reducing 

energy consumption and protecting the environment. This paper deal with the problem of 

improving efficiency by reducing electrical and magnetic loads of these motors. Using the 

finite elements method (FEM), the authors will study the influence of these changes on the 

parameters and characteristics of the initial motor. 

 

 

 

1. INTRODUCTION 

 

 Increasing the efficiency of the electrical motors is a continuing and topical problem 

which is a provocation for designers and manufacturers of electric machines. 

But how can it be increased the efficiency of the electric motors? It is possible to 

improve efficiency by using new materials and technologies, proposing some new 

constructive solutions (even for conventional motors), or increasing the volume of used active 

materials. In case of the rotor cage induction motors, in the last twenty years, the active 

materials have suffered only minor improvements and new design solutions are almost 

inexistent. 

According to [1] all low voltage (<1000 V) rotor cage induction motors, with 2- 6 

poles and with rated power between 7.5 - 375 kW must fulfill the minimum conditions 
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imposed by IE-3 standard since 2015, and from 2017, these minimum conditions must be 

fulfilled of all  above electrical motors but with power ranging from 0.75 kW.  

Electrical motors which fulfill only IE-2 standard efficiency will be allowed only if 

they are driven by frequency converters. 

According to IE-2 and IE-3 standards, the minimum efficiency in terms of the rated 

power for rotor cage induction motors with 2-6 poles is shown in Fig. 1. 

These measures have been taken because about 70% of electricity consumed in the industrial 

sector is the energy converted into mechanical energy by electric motors [1]. 

As an order of magnitude, in 2005, the electrical motors have had 1067 TWh 

consumption which corresponds to 427 Mt CO2 emissions. 

It is estimated that in 2020, the energy consumption of electric motors to reach 1252 

TWh, such as a small improvement in the efficiency can lead to very significant reductions in 

CO2 emissions, and also to the protection of the environment. 

The efficiency of an electric motor depends on the quality of the used materials and 

technology. The problem that occurs is due to the fact that the materials used in the 

construction of a rotor cage induction motor (electrical circuits, magnetic and insulating 

materials) have not really been improved in the recent years. 

For this reason, the problem of efficiency increasing must be solved not by using new 

materials, but possibly using new technologies or new constructive solutions, high efficiency 

motors (with permanent magnets) instead of conventional motors (as induction motor), but 

mainly by reducing the motor loads (electrical and magnetic), which involves increasing the 

size at the same rated power. Increasing the size of a motor involves also the increase of the 

price per power unit, but this is less important than the fact that losses are reduced and in 

consequence the efficiency is higher. 

 

 

Fig. 1 - Minimum efficiency of rotor cage induction motors, according to IE-2 and IE-3 
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It is confirmed [2] that an electric motor consumes during its operating life, energy 

that is 100-200 times greater than its value, so it is more important that the motor be with 

higher efficiency than be cheaper. It is also important to mention that it is not enough to have 

a high efficiency motor; it is necessary that the electrical drive reach high efficiency, for this 

reason it is recommended to use controlled motors with frequency convertor that change 

proportionally the voltage as well. 

Changing motor size on the same rated power implies the change of the motor 

parameters as inductances and windings resistance, and also the motor speed and torque. 

Some of these changes were analyzed in [3]. In addition, this paper calculates the resistive 

losses, considering the skin effect in the rotor. 

The iron losses of the initial motor and of the motors with size increased will be 

analyzed comparatively. 

The characteristics: torque-slip and current-slip will also be studied comparatively. 

Finite elements analysis will be used in order to determine these characteristics. 

 

 

2. INDUCTION MOTOR EFFICIENCY 

 

 Like any other device, in case of squirrel cage induction motor,  efficiency can be 

defined as the ratio of mechanical power output, P and electrical power input, P1, 

𝜂 =
𝑃

𝑃1
 (1) 

The difference between electrical power input and mechanical power output represents 

the total motor losses, Pt, and efficiency can be written as: 

𝜂 =
𝑃

𝑃+𝑃𝑡
 (2) 

The total motor losses include: resistive losses in the motor windings, PCu, iron losses 

in the magnetic circuit, PFe, additional losses, Padd and friction and ventilation losses, Pfv,  

𝑃𝑡 = 𝑃𝐶𝑢 + 𝑃𝐹𝑒 + 𝑃𝑎𝑑𝑑 + 𝑃𝑓𝑣  (3) 

Resistive losses are due to the current flowing in the motor windings; they are 

proportional to the square of the rms stator phase current, I1, and to the windings resistance R1 

and 𝑅2
′ .  

𝑃𝐶𝑢~(𝑅1 + 𝑅2
′ )𝐼1

2 (4)  

R1 is the stator phase resistance and R2
′  is the rotor phase resistance referred to the 

stator. 

Iron losses include hysteresis and eddy current losses.  

Hysteresis losses depend on frequency, f, the peak magnetic flux density, B, mass of 

the magnetic circuit, mfe, and a constant material, 1 ≤ α ≤ 2, 

𝑃ℎ~𝑚𝑓𝑒𝑓𝐵
𝛼  (5) 
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Eddy current losses are proportional to the same quantities but the exponents differ, 

𝑃𝑒𝑐~𝑚𝑓𝑒𝑓
2𝐵2 (6) 

Experimental determination of additional or stray load losses is described in [4], and 

they depend on the rotor current, I2, which at his turn is determined in terms of the stator 

current, I1 (for which additional losses are computed) and no load current, I0, 

𝑃𝑎𝑑𝑑~𝐼2
2, 𝐼2 =  𝐼1

2 − 𝐼0
2 (7) 

If additional losses are not determined experimentally, they can be obtained in terms 

of the input power.  

Friction losses depend on the rotor diameter, rotor mass, inner diameter of the bearing 

and of course depend on the speed and the type of bearing. Ventilation losses depend on the 

ventilator efficiency for a given power. 

In order to improve motor efficiency, losses must be reduced.  

Resistive losses can be reduced because the current remains the same (power remains 

the same) only by reducing the windings resistance.  

If all the initial motor dimensions are multiplied by a factor k, it can be demonstrated 

that the cross section of the new motor will be k
2
 times higher and the length will be k times 

higher. The conductors will also have cross section k
2
 times higher and the length will be 

approximatively k times higher. In conclusion, the new motor will have windings resistance k 

times lower and resistive losses will be k times lower as well.  

Because the surface through which the magnetic flux closes increases k
2
 times, and the 

polar flux remains unchanged (as the supply voltage remains unchanged), the magnetic flux 

density will be reduced k
2
 times. 

Mass of the magnetic circuit will be increased k
3
 times. Hysteresis losses of the new 

motor, Phn, will be, in terms of the hysteresis losses of the initial motor, Ph,  

𝑃ℎ𝑛~𝑚𝑓𝑒𝑛 𝑓𝐵𝑛
𝛼 = 𝑘3𝑚𝑓𝑒𝑓  

𝐵

𝑘2
 
𝛼

= 𝑘3−2𝛼𝑃ℎ  (8) 

The above relation shows that for α > 1.5, hysteresis losses of the new motor are 

reduced.  

Eddy current losses of the new motor are: 

𝑃𝑒𝑐𝑛~𝑚𝑓𝑒𝑛 𝑓
2𝐵𝑛

2 = 𝑘3𝑚𝑓𝑒𝑓
2  

𝐵

𝑘2
 
2

=
𝑃𝑒𝑐

𝑘
 (9) 

Friction and ventilation losses of the new motor will increase slightly because the rotor 

mass and diameter will be larger. But because these losses are much lower than the iron and 

resistive losses, the total motor losses will be lower. 

If only the motor diameters are multiplied with k, and the initial length is kept, 

windings resistance will decrease approximately k
2
 times (because the length of the end 

windings will increase) and also the resistive losses. In this case, the new hysteresis losses 

are: 

𝑃ℎ𝑛~𝑚𝑓𝑒𝑛 𝑓𝐵𝑛
𝛼 = 𝑘2𝑚𝑓𝑒𝑓  

𝐵

𝑘
 
𝛼

= 𝑘2−𝛼𝑃ℎ  (10) 
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Eddy current losses will be: 

𝑃𝑒𝑐𝑛~𝑚𝑓𝑒𝑛 𝑓
2𝐵𝑛

2 = 𝑘2𝑚𝑓𝑒𝑓
2  

𝐵

𝑘
 
2

= 𝑃𝑒𝑐  (11) 

If resistive losses are higher than iron losses, this solution needs to be analyzed. 

As conclusion, increasing the size of a motor (at the same rated power), its efficiency 

increases as well. 

The drawback is that the motor characteristics will also be changed.  

In the following, the characteristics of the initial motor will be showed comparatively 

with the characteristics of the increased motors.  

It is important to mention that in the design phase the losses require to be determined 

with high accuracy, this involving a high accuracy for the efficiency determination. Many 

papers deal with this topic, this paper refer to some of them [5]-[10]. 

 

 

3. CASE STUDY 

 

This study was carried out using an electromagnetic field computation program based 

on the finite elements method (FEM).  

Resistive losses in stator can be calculated analytically with high accuracy (for any 

current). 

Rotor resistive losses can be calculated analytically also with high accuracy, but 

ignoring skin effect. If skin effect is to be taken in consideration, the analytically calculation 

of the resistive losses in rotor has a fairly low accuracy. In this case it is preferable that the 

rotor resistive losses to be calculated by FEM simulations. 

Iron losses are calculated by the used program based on the field values, the magnetic 

material having the losses curve, at 60 Hz, showed in Fig. 2. Iron losses will be recalculated at 

50 Hz.  

The studied three-phase rotor cage induction motor has the following main data: rated 

power 0.37 kW, nominal phase voltage 230 V, stator core length 75 mm, inner and outer 

diameter of the stator 70 mm and 106.5 mm respectively, two pole-pairs, stator slots number 

36 and number of turns in a coil 133, the numerical model being shown in Fig. 3. 

 

Fig. 2 - Losses curve at 60 Hz, for the magnetic material 
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Fig. 3 - Studied motor: a) Numerical model; b) Motor windings 

 

 Based on the presented model (denoted initial), other two models were performed: one 

with size increased by k = 1.5 times (denoted with M1); the other where only the diameters 

were increased by k = 1.5 times, but the length being kept (denoted with M2). 

Time-harmonic analysis was used, the frequency being in terms of the slip, f=sfn. The 

procedure is described in [11]. 

Next, it will be presented comparatively (Fig. 3 - 10) the obtained results for the three 

models of rotor cage induction motors.  

 

 

4. CONCLUSION 

 

Noticing the manner of iron losses variation for the three motors, it can be concluded 

that, for slip values corresponding to the normal operation regime, the total iron losses are the 

lowest for motor M1 and the highest for motor M2. This is understandable because the 

hysteresis losses are much higher than the eddy current losses. 

Regarding resistive losses must specify that they are determined according to the slip 

(load). But the motors do not have the same slip for the same load. For a fair comparison 

between resistive losses, the slip corresponding to the same nominal power must be 

determined for each motor. This will be done in a future work. 

It can be also noticed that the size increasing involves the decrease of the starting 

torque. This is explained by the fact that the rotor resistance is reduced. The motor M2 has the 

highest maximum torque, followed by the initial motor and then by motor M1.  

Motor M1 has the most convenient current-slip characteristic and then the initial and 

M2 motor. 
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Fig. 3 - Rotor iron losses in terms of slip          Fig. 4 - Stator iron losses in terms of slip 

              

Fig. 5 - Total iron losses in terms of slip                    Fig.6 - Rotor resistive losses 

  

Fig. 7 - Stator resistive losses                        Fig. 8 - Total resistive losses 



Carpathian Journal of Electrical Engineering             Volume 8, Number 1, 2014 

42 

   

Fig. 9 - Current-slip curve (at rated voltage)         Fig. 10 - Torque-slip curve (at rated voltage) 
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Abstract: The effects that manifest themselves at the scale of the Organization, in which 

energy is consumed, are related to the influence of its cost in financial balance. The 

importance of energy cost depends on the area of activity of the company. There is, 

however, a high potential for energy saving in most sectors of economic activity and in 

most institutions. Energy conservation is often a "painless" reduction in operating 

expenses. This does not imply employment for employees, and the investments required are 

often reduced and have minimal risk. 

 

 

 

1. INTRODUCTION 

 

In recent years it may find a constant increase in energy costs. Liberalization of energy 

prices will worsen and more than the increase in the near future. This price increase, 

particularly in motor fuels contributed to stimulating public interest in reducing consumption 

and efficient use of energy through the implementation of energy policies. 

Energy savings management involves the development of a precise organizational 

structures within the society concerned, to conduct regularly a series of actions for the 

functioning of the well-defined with a higher energy efficiency of technological installations.  

 

1.1. Power quality Problem 

To ensure the quality of energy delivered at the point of consumption is not easy and 

there's no way that electricity that does not comply with the standards to be withdrawn from 

the food chain or refused by the consumer. 
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High-quality electricity-electricity available permanently (continuously) to the values of 

the parameters (frequency, RMS, sine shape, symmetry of three-phase system) within limits 

allowed by the rules. [5] Note that technical parameters are actually blood parameters, do not 

have the energy or power direct current. 

Achieve the level of quality offered by the electricity suppliers cannot be obtained only 

under conditions ensuring technical and maintenance requirements at the level of the 

distributor, producer and transporter of electricity. In this way, monitoring quality indicators 

at the point of interface between carrier and distributor as well as providing the level of 

quality standard in these points are decisive in ensuring the level of quality offered by the 

supplier. Knowledge of quality indicators at the point of interface between manufacturer and 

carrier are of particular interest in assessing the level of quality of electric energy at the point 

of connection with distributors. 

At the same time, the quality of electricity has a significant effect on the economic 

indicators of the transport network and is a defining parameter for evaluation of its 

performance. 

To a large extent, disturbances that lead to diminishing the level of quality of electric 

power are determined by consumer activity (unbalance, flicker, harmonics, etc.). But 

production systems, transportation and distribution, thanks to specific requests occurring 

(lightning, wind, ice, damage deposits, etc.) may be the source of disturbance in the form of 

switches, Voltage dips, surges, and voltage variations and frequency. Also at overcoming the 

tape tension, permitted transmission network can be the source of voltage harmonics, so by 

downloading the corona as well as the operation of nonlinear characteristic on magnetic 

circuits.[1] 

Power grid development must take into account to ensure the level of quality standard 

of electricity at the point of interface with the distribution network. 

Knowledge of quality indicators, practical determination method, interpretation of the 

results of their monitoring, knowing the limits of disturbance, presents a particularly interest 

in securing energy as well as for decisions relating to measures to be taken in order to achieve 

the required quality level. 

 

 

2. ENERGY POLICY OF THE INSTITUTION 

 

Regardless of the size or type of organization, the common element of success is the 

commitment of the entire energy management organisations. [11] 

A commitment of the organisation shall be effected by the allocation of staff and 

financial resources necessary to achieve continuous improvement in energy efficiency. To 

develop and implement their programme of energy management, the management of the 

institution must be: 
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 to establish a dedicated team energy management; 

 to set up an energy policy. 

Energy policy is the basic document for energy management success. This formalizes 

the support of senior management and articulates the Organization's commitment to energy 

efficiency for all employees, shareholders, the community and other stakeholders. [11] 

One of the first tasks of the team designated for energy management within the 

institution will be drafting an energy policy to guide the process of energy management in the 

following stages.  

 

 

3. PROCESSING AND ANALYSIS OF DATA 

 

For this analysis the data obtained were processed on the invoices of electricity and 

natural gas for a period of 12 months, between October 2012 and September 2013. They also 

obtained data on the consumption of electricity and the Electrical Supply, S.C. Electrica 

Furnizare S.A. for the period 1 January 2013 to 31 October 2013. 

Electricity consumption at the "Petre Dulfu" county library Baia Mare is measured by a 

single digital counter, which allowed production costs per one-hour intervals, on calendar 

days. In the period under review, the total consumption of electricity both active power and 

reactive power was 152.962 MWh, which represents a total cost of  82298.74 RON, at an 

average price of 0.55 euro/kWh active energy respectively 0.08 lei/ kVARh - reactive energy. 

Below are presented in graphical form, electricity consumption on different intervals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Load curve-active energy [kWh] 

 

Analyzing the graph with monthly consumption active energy [kWh] (fig. 1) can be 

noticed an increase in winter and a decrease in the hot season, from April to September 
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inclusive. This fluctuation of electricity consumption, according to the two periods, and can 

be explained by the fact that one of the main consumers of this institution, through specific 

activities, represent the lighting, a longer period of operation rises about 4 hours in cold 

season, also during summer Saturdays is non-working day and more than 70 % of its staff, 

schedule a part of summer vacation. 

 

 

 

Fig. 2 Load curve-reactive energy [kVARh] 

 

3.1. Energy intensity 

The common parameter used to characterize the energy efficiency is energy intensity, 

defined as the ratio of resource consumption (energy) and the value of products (services) is 

achieved. In the case of public institutions, which are not productive units, energy 

consumption may be reported on the surface or the number of clerical staff. 

In this case the relationship of energy intensity can be written in the form: 

𝐼 =
𝑊

𝑆
      (1) 

W – energy consumption [kWh]; 

S – the working surface [m
2
] 

In the case of energy intensity will be library: 

I = 100.54 kWh/m
2 

or 

I = 31.87 kBTU/sq.ft (to compare with the similar institution in the U.S.A.) 

To ascertaining the whereabouts of placed the library of energy efficiency it is 

necessary to compare the value of energy intensity with a similar institution. Energy audits in 

Romania is in its infancy, there is no data in this sector of activity, as a result will be used as a 

reference a public library in the United States of America.  

The equivalent energy intensity in the United States is Energy Use Intensity (EUI) and 

is measured in kBTU\/sq. ft. It should be noted that in the United States use two distinct 

values of the EUI Website: Energy Intensity, and the Source Energy Intensity. 
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Site Energy Intensity is the amount of energy (electricity and natural gas) consumption on one 

foot square (square foot) carpet surface, which is measured by counters located at the 

institution. 

An analysis of load curve of reactive power consumption [kVARh] (Fig. 2) shows an 

average of about 400 kVARh, with a jump of over 8 times in April and may. In discussions 

with the administrator of the institution and with the electricity supplier has appeared that 

over that period there was a crash at the battery of capacitors, mounted in the library building, 

which has led to the emergence of anomalies in the network and the load graph tip. 

An efficient management of energy consumption would have resulted in the failure to 

promptly remedy arising from the battery of capacitors. 

Fig. 3 Monthly energy intensity energy types 

 

 

 

Fig. 4 Graph of average temperatures for Cherry Hill 

 

Source energy intensity and take into account the energy consumption with production, 

transmission and distribution of electric energy, namely the energy lost to the storage and 

distribution of natural gas. The national average in the u.s. is: for every BTU of electricity 



Carpathian Journal of Electrical Engineering                          Volume 8, Number 1, 2014 

49 

output used by the end user, it consumes an energy totaling 3.34 BTU for obtaining and 

transporting it. In the case of natural gas ratio is lower, 1.047, cost only reflected in its price, 

which is lower. In conclusion, the two may have the same value for energy intensity, but a 

different value to the source energy intensity. If you use different sources for the supply of 

electricity or natural gas. 

For comparison was chosen at Cherry Hill public library in New Jersey, the main 

reasons being: public availability of energy intensity data (Library web site) [3], but the 

monthly average temperatures close to (less than higher) than those of Baia Mare. 

 

3.2. Fluke 435 analyzer measurements 

For this analysis were processed data obtained from measurements made with a 

spectrum analyzer, power quality Fluke 435 model, connected to the main board of the 

consumer for a period of about 24 hours, thus being covered a whole period of activity of the 

institution. 

 

 

 

 

 

 

 

 

 

 

Fig.5 Monitoring power quality energy 

 

During the monitoring of the quality of electric power has been an overrun of the index of 

severity of flicker, Plt = 1.3 

 

 

 

 

 

 

 

 

 

Fig. 6 Monitor events 
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4. SETTING GOALS 

 

Establish clear and measurable objectives is essential to understanding the desired 

results, the development of effective strategies and obtain financial gains. [5] 

Establish clear objectives help in decision making and are daily base for monitoring and 

assessment of progress. 

Communication and recording goals can motivate staff to support energy management 

efforts across the institution. 

The purpose of the performance goals may require several levels of organization, and 

various time frames for the completion of specific objectives. 

The library will be established both in the institutions and departments. In respect of 

installations and equipment which are the subject of the process efficiency, these are as 

follows: 

- interior lighting (particularly in the area of reading rooms and stacks of books); 

- exterior lighting; 

- computing equipment; 

- server room. 

From the point of view of eșalonării in time of the objectives set for “Petre Dulfu” 

county library Baia Mare there are two basic categories: 

- annual objectives which allow tracking and reporting progress regularly and throughout the 

conduct of the trial; 

- long-term objectives, between 3-10 years. 

After analyzing data, the management team of electricity established to achieve the 

following objectives: 

 reduce energy consumption by 10 % over the next two years (2014-2016). In the current 

annual energy consumption is 784252 kWh, which would supposedly reduce 78.5 MWh by 

2016; 

 implementation in 2014 has a system for monitoring of electricity consumption, allowing 

for real-time observation of the occurrence of any failure and fix them in a timely manner; 

identification of possible sources of financing for the installation on the roof of the 

buildings of a photovoltaic solar system with a capacity of 10 KW. 

 

 

5. MEASURES TO REDUCE THE ENERGY CONSUMPTION 

 

Measures to reduce energy consumption (MRCE) are recommendations for public 

library, based on improvements in conditions at present. As a result of the analysis of data, the 

following measures have been identified to streamline the energy consumption: 
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Table 1 

No. 

crt. 

MRCE recommended. The investment recovery period 0-5 

years 

1 Replacement of 48 of filament lamps with compact fluorescent 

lamps (CFL) 

2 Replacement of 16 monitors with CRT monitors LED 

equivalent 

3 Replacement of halogen exterior floodlights 8 with metal iodide 

lamps 

4 Optimisation of consumption in server room 

5 Replace the 3 refrigerators (10 years old) with class A models 

6 The change has the halogen spotlights with 202 spotlights LED 

7 Replacement of 20 desktop computers with thin-client terminals 

8 Installation in the reading rooms and stacks of 33 light presence 

sensor 

9 Installation of taps thermostat for 30 radiators 

 MRCE recommended. The use of energy from renewable 

sources 

10 The installation of a photovoltaic system on the roof of the 

building 10 kW 

 

Apart from the measures mentioned above, it is recommended to also: 

- the installation of more efficient engines from the energetic point of view at the time that it 

is necessary to replace them, especially those of higher powers of 1 KW (elevators, 

circulating pumps of the heating, etc.); 

- the repair or replacement of the gaskets with problems from windows; 

- the use of a system for real-time monitoring of electricity consumption; 

- achieve publicity of the measures implemented and results obtained, both among employees 

and in the local press. 

- employee awareness regarding the efficient management of energy consumption through 

various campaigns. 

 

 

5 CONCLUSIONS 

 

Without a doubt, it is found, a must all the more acute for reducing energy consumption, 

especially in the conditions in which it is increasingly expensive and each kWh saved is a 

kWh won.  

From the analysis made at the county library is found that is justified, in economic 

terms, the implementation of measures to rationalise energy consumption. Thus it appears that 

the majority of the proposed measures to save energy have recovery time under 2 years less 

MRCE no. 2: replacement of 16 monitors with CRT monitors LED equivalent, which pays off 

in about 3.6 years.  
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Fig. 7 The analysis of measures to reduce energy consumption  

 

There is a preconception that pollution is caused especially heavy industry and traffic, 

but currently, an increasingly important role in polluting the atmosphere is getting electricity 

from conventional sources, especially that produced by burning fossil fuels. In conclusion, a 

reduction in energy consumption assumes the default mitigation a carbon emissions into the 

atmosphere. 

If the county library, with investments of approximately $ 25,000 would save over 34 

MWh annually, avoiding the emission into the atmosphere over 10741 kg/year CO2 

emissions, equivalent to the amount generated by the 18 cars (Euro Euro 3), within a year. 

At the same time carrying out a monitoring system to provide real-time information 

about electricity consumption, is one of the first steps that should be made for the efficient 

management of electricity consumption. 

Whichever solution is chosen, the institution or solutions, but last but not least the local 

community will have won, by saving the public money and use the amounts obtained in this 

way, the purchase of books for the library users. 
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Abstract: This work analyses the magnetic shielding for a large variation interval of 

perturbative field in terms of both amplitude and frequency. Founded on Finite Element 

Analysis, shields constructed from different materials are studied. Conclusions about 

materials behavior for a given frequency but different amplitudes are focused on magnetic 

neliniarity influence about shielding efficiency. In the final part of the research, there are 

presented some tips about an acceptable shielding attenuation realized with one single 

layer of material capable to deal with a large spectrum of frequencies and amplitude of 

magnetic interferences. 

 

 

 

1. INTRODUCTION 

 

 A magnetic shielding, suitable for the entire spectrum of electromagnetic field and 

also for any strength of external interference, is a very complicate task to be achieved in 

practice. For example, the biomagnetic signals (~10
-13

T), must be processed in absence of 

other electromagnetic signals in medicine, while the Earth magnetic field range is between 

approximately 25,000 and 65,000 nT – static field, but also for harmonic, up to mT order 

values - fields generated by power distribution and bigger frequencies fields used in 

communications.  

 For higher magnetic flux densities and frequencies the shielding effect is altered, in 

magnetic materials cases, by saturation, [5] and induced magnetic fields.  
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 Analytical solutions for attenuation factor, S,
  

 i

0

B

B
S 

 
(1) 

are available only for linear, isotropic and homogenous materials, and also for simple 

geometrical configurations. The proper tool to design, evaluate and optimize the magnetic 

shielding is the Finite Element Method, [1], [2], [7], [8]. 

 Mostly shielded rooms are quasi-cubic enclosure, analyzed in first time as a spherical 

volume and only when this configuration was optimized in terms of inputted data, the real 

geometry is tacked into account, for last retouching, [6]. This paper analyzed the 2 m diameter 

spherical room, 2 mm thickness, t, of material in one layer shield, for different materials and 

different applied fields, fig. 1. 

 

Fig. 1. Spherical one layer shield model 

 

 

2. ANALYTICAL COMPUTATIONS 

 

 The chosen geometrical configuration is a very simple one, so if the material of the 

shield is considered linear, homogenous and isotropic there are available analytical relations. 

 For static fields, the attenuation factor, based on variable separations, [3], is: 
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where μr is the relative magnetic permeability of the shield magnetic material. 

 The maximum value of magnetic flux density in magnetic material is: 
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with M being:
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 For variable magnetic fields, the attenuation factor can be computed as [3]: 
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and, 

   fjk 22
 (7) 

where f is the frequency of the field, µ is the magnetic permeability and ζ the conductivity, 

these two last variable referring to the shield material.  

 The limitations of analytical computation are not just the insufficient material 

properties countable, but also a lot of hypothesis that have to be considered to reduce the form 

of equations to a solvable ones. These hypothesis concern the aspect of induced current, the 

ways that magnetic field varies, etc. 

 Using Finite Element Method (FEM), the real behavior of a magnetic shield is more 

exactly described.  

 

 

3. FNITIE ELEMENT ANALYSIS 

 

 Maxwell equations applied for magnetostatic, and for harmonic problem leads to 

equations (8), respectively (9). These equations are to be solved by FEM. All configurations 

are computed in David Meeker's Finite Element Method Magnetics, FEMM®, in 2D 

configurations, [4].  
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where A  represents the magnetic vector potential and SRCJ  represents the applied currents 

sources.  

 The chosen geometrical configuration is a very simple one, so if the material of the 

shield is considered linear, homogenous and isotropic there are available analytical relations. 

 If the magnetic field oscillates at one fixed frequency, a phasor transformation for 

magnetic vector potential is available: 
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 FEMM® solves, for harmonic magnetic problems, the resulted equation, [4]: 

  
gradVSRCJaja
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(11) 

with 
SRCJ  representing the phasor transform of the applied current sources and a being the 

complex amplitude of the phasor transformation, of A. 

 

 

4. RESULTS 

 

 In [1], the influence of nonlinearity of the magnetic materials in shielding efficiency is 

treated for magnetostatic regime. In this work were considered the same materials, meaning: 

low carbon steel, “1010 Steel” with a constant relative magnetic permeability (linear 

consideration of material) μr = 902.6 and a conductivity ζ = 5.8 MS/m; cobalt iron “Hiperco 

50” with μr = 3520, ζ = 2.5 MS/m and nickel alloys “Mu metal” with μr = 82910, but 

supplemented with Cooper, μr = 1, ζ = 58 MS/m.  

 The magnetic characteristics of the ferromagnetic materials are illustrated in fig. 2. 

 

Fig. 2. Relative magnetic permeability of analyzed magnetic materials 
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 Graphically presentation of equation (2) shows the attenuations of the studied shields, 

fig 1, in terms of exterior magnetic field density and having the relative magnetic 

permeability as a parameter, fig. 3, as straight lines, due to the linearity of materials. Of 

course the Cu shield has no effect on magnetostatic fields. 

 Considering the nonlinearity, the shield efficiency drops as the magnetic flux density 

increases, fig. 3. 

  

Fig. 3. The attenuation for magnetostatic interferences 

 

 

Fig. 4. Discretization and magnetic field spectrum for Mu metal, B0 = 1.26∙10
-5 
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Fig. 5. Discretization and magnetic field spectrum for Mu metal, B0 = 0.0126 T, f = 0 Hz 

 

 

Fig. 6. Discretization and magnetic field values for Mu metal, B0 = 1.26∙10
-5 

T, f = 50 Hz 

 

 

Fig. 7. Induced current in shield for Mu metal, B0 = 1.26∙10
-5 

T, f = 50 Hz 
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Fig. 8. Induced current in shield for Mu metal, B0 = 0.0126 T, f = 1kHz 

 

 The magnetic saturation is obviously in fig 5 compared to 4. 

 Also for variable magnetic field, the induced currents in shields are bigger, which 

leads to a bigger attenuation factor.  

 Again if we considered the materials as linear, the equation (5) conducts to results far 

from reality in case of magnetic materials at high values magnetic fields applied. The 

differences can be observed in fig. 9 and fig. 10-11. 

 

Fig. 9. The attenuation for variable magnetic interference - linear material shields 
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interferences inside the shielded room is very important. 

 As a general behavior, the better conductivity of the shield material goes to an 

improved shielding effect for high frequencies and the same proportionality is available 

between magnetostatic shielding and relative magnetic permeability, but carefully considers 

the saturation effect. 

 

Fig. 10. The attenuation for variable magnetic interference-nonlinear material shields,B0 = 1.26∙10
-5 

T 

 

 

Fig. 11. The attenuation for variable magnetic interference - nonlinear material shields,B0 = 0.0126 T 

 

 

5. CONCLUSIONS 
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proprieties of materials in shielding techniques.  Because it is very unlikely to be able to 

predict the real incident magnetic field, generally, the designers must considered a very 

extend ranges of both magnetic flux density and frequency. If we are dealing with medical 

applications, for example, the geomagnetic field is a very important perturbation, so only a 

magnetic material shield must be tacked into account.  

 For higher frequencies, only matters the electric conductivity and for lower 

frequencies, only matters the relative magnetic permeability. If it is possible to reduce the 

range of variation for applied magnetic field parameters, it is possible to choose an optimum 

material for shield from fig. 3, 10 and/or 11. 
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Abstract: Reactive power generated by power lines is one of the factors determining the 

level of voltage substations bars. Lines are often used for raising or lowering the voltage 

level. It is very important to monitor the level of voltage and reactive power supply lines. 

When the power consumption decreases, increases the voltage on transformer stations 

bars. As a preventive measure off lines that do not impair the operation of the national 

energy system(SEN). Disconnecting lines produce a decrease in the level of voltage. 

 

 

 

1. INTRODUCTION. 

 

The development of electric power facilities during time had several stages, from 

energy supplying of each electric power consumer till organizing the grid elements in an 

electric power system, following the technical development of the equipments and with a high 

level of reliability and economic efficiency [1]. 

The electric power system comprises the producing and distribution facilities for the 

electrical energy on a certain territory [1]. 

The electric lines from the power grid are air-isolated. The major benefit of this is that 

they are cheaper comparing with the electrical cables but they will certainly have a reduced 

exploit being subject to direct weathering [1]. 

During the analyses of the operation mode of an electric grid we shall build the 

equivalent circuit of that grid, which results from interconnecting the equivalent wiring 

mailto:teodoraoros_87@yahoo.com
mailto:ioan_berinde@yahoo.com
mailto:horia.balan@eps.utcluj.ro


Carpathian Journal of Electrical Engineering             Volume 8, Number 1, 2014 

64 

diagrams of each system element. Thus we shall calculate the electrical parameters for the 

grid elements in two cases: for steady state and for electric fault [2]. 

The computing of the electrical parameters of the power grid it means knowing some 

factory data or experimental data obtained for each grid element [2]. 

The electric grid is modeled using equivalent circuits which are connected accordingly 

with the real situation from the ground. The equivalent circuits of the transmission and 

distribution grid usually consists of nonlinear passive elements, series or shunt connected. The 

electrical parameters are (fig.1) R– resistance, X– reactance, B– susceptance, G– 

conductance[1] 
 

 

Fig. 1 –  Equivalent schematic of the installations for transport and distribution 

 

1.1 The electrical parameters of the overhead power lines 

The overhead power lines are three-phase elements of the transmission and 

distribution grid which sometimes are protected against thunder stroke with a special 

conductor[1].  

 

Fig. 2 – Equivalent of a Schematic overhead power lines 

 

The equivalent circuit for an overhead power line consists of the series parameters 

resistance R and LX   wich together makes the series impedance jXRZ  , the shunt 

parameters conductance G and susceptance G și CB  , wich together makes the shunt 

admittance jBGY  , [1]. 

If the three-phase currents wich flows in the power line are symmetrical and balanced 

than the addition of these current makes zero so they have no impact on the power line 

electrical parameters[3]. 
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For the zero phase-sequence currents wich are flowing through the ground, the single-

phase loops connecting the line and the ground provides the path for the return of their .In the 

zero phase-sequence state the grounding system turn path influences the power line electrical 

parameters[3]. 

 

1.1.1 The Power Line Resistance 

The resistance of the power line is the active series electrical parameter which 

represents the series active power losses into the real power line.[1]  

For the direct current: 

 ][* 
S

l
R   (1) 

In which: ρ – is the resistivity of the electrical conductor , in mmm /2  

                 l – is the electrical conductor’s length, in  m  

                S – is the conductor’s cross-section in 2mm  

 For the alternating current: 

 ][
2





I

P
R  (2) 

In which: ΔP are the series active power losses  

 

1.1.2 The Power Line Reactance 

The inductive reactance for a single phase circuit is:[1] 

 

 ][2  fLLX   (3) 

 

In which: L is the phase inductance in H, and f is the a.c. current frequency in Hz. 

 The inductance is given by the total magnetic flux through a surface surrounded by a 

loop divided by the electrical current flowing through that loop. 

 

 ][H
i

L t
  (4) 

 

1.1.3 The Power Line susceptance capacitive  

Conductors of power lines form a capacitor, with the metal conductors and earth 

reinforcement. Thus, if a three-phase line without protective conductor are six capacitors, 

three between line and earth conductors with capacity  302010 C,C,C , and three between pairs 

of capacitors, with partial capacity 312312 C,C,C (fig.3)[1] 
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Fig.3 – The Power Line partial capacity 

 

The capacity of a parallel earth conductor is defined by the relation (5): 

 ][ F
V

q
C   (5) 

 

1.1.4 The Power Line conductance 

Transverse conductance parameter of the scheme is equivalent to a corresponding 

power lines cross the active power losses [1]. 

Overhead electrical lines these losses are due to imperfection of insulation and corona 

phenomenon. [1] The conductance of an airline per unit length of the line (1km) is determined 

by the relation (6): 

 ]/[10* 3

20 kmS
U

PP
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n

ciz 
   (6) 

In witch: izP și cP three phase power losses are due to imperfection of insulation that 

corona phenomenon, in kW/km, and Un is the nominal voltage of the grid [1]. 

Due to the imperfection of cable insulation at points of attachment to a current leakage 

occurs posts by insulation to earth. They are more intense as the weather conditions are 

adverse (fog, rain, etc.) [4, 7] 

 

1.2 Presentation power transmission line model SEL-1/EV 

In order to study the reactive power flow we use power transmission line mod.  SEL 

1-/EV manufacturing Elettronica Veneta Italy (fig. 4).[5] 

Two high-voltage power transmission lines with the possibility of varying their 

parameters are reproduced in this equipment. This simulator enables to learn and test the 

characteristics and the management of high-voltage mains systems on components of reduced 



Carpathian Journal of Electrical Engineering                          Volume 8, Number 1, 2014 

67 

scale. The various electric devices installed, partially connected with each other and with 

safety terminals, start working with very simple and fast operations offering the possibility of 

modifying parameters and circuits at operators’ will.[5,6,8] 

The frontal panel is made of aluminum alloy, the power transmission lines are represented 

with international electric symbols; using unified educational terminals and safety jumpers 

with a high degree of protection against accidental contacts, will enable to carry out series / 

parallel connections. Acting some lever switches will change the electrical parameters 

(resistance, inductance and capacitance) according to different sections and lengths of the 

line. Voltage is signaled by warning lights, whereas the protection against overloads and/or 

short circuits is carried out by fast-blow fuses. [5,6,8] 

 

 

Fig.4  Power Transmission line mod SEL-1/EV- Front view 
 

 

1.2.1 Technical characteristics 

Line 1[5] 

 Modifiable parameter:                                    Section  

 Model of line used:                                                P I 

 Simulated voltage:120 kV(working U 3x400Vmax.) 

 Simulated power:                        P 10 - 15 - 20 MVA 

 Working current:                                                   1 A 

 Equivalent resistance:                          18 - 25 - 35 Ω 

 Equivalent inductance:                                    72 mH 

 Equivalent distributed capacitance:            2 x 0.2 μF 

 Breakers at the beginning and at the end of the line 

 Protection fuses                                                      1A 
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Line 2 [5] 

 Modifiable parameter:                                    Section  

 Model of line used:                                                P I 

 Simulated voltage:120 kV(working U 3x400Vmax.) 

 Simulated power:                                     P  20 MVA 

 Working current:                                                   1 A 

 Equivalent resistance:                         8.9 - 25 - 35 Ω 

 Equivalent inductance:                        144-72-36 mH 

 Equivalent distributed capacitance:2 x 0.1-0.2-0.4 μF 

 Breakers at the beginning and at the end of the line 

 Protection fuses                                                      1A 

 

 

Fig.5  Power Transmission line mod SEL-1/EV- Connect components 

 

1.2.2 Using the simulator 

 Generally the power transmission lines reproduced in the simulator are powered on the 

left side of the schematic diagram so that the protection fuses are located at the origin of the 

line [5].  

 The busway (vertical lines of the left side) is powered through the terminals indicated by 

L1 - L2- L3; the warning lights indicate the availability of mains voltage[5].  

 The LINE 1 and/or the LINE 2 will be shunted from the left busway, through jumpers or 

leads with plugs.  The lever switches available at the origin of each line enable to cut them out 

of the starting busway . Each line is also protected from overcurrents (overload and short 

circuit) with fast-blow fuses, and provided with warning lights for indicating the availability 

of mains voltage, at its origin[5].  
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 The right busway is connected at the end of the lines (right side) still through jumpers or 

leads with plugs; the transferred energy can be drawn from this busway. The lever switches 

available at the end of each line enable to cut them out of the destination busway[5]. 

 

1.2.3 Configuration and typical use of a line 

 Remove all the jumpers of the LINE 2 not considered. 

 Connect the jumpers at the origin and at the end of the LINE 1. 

 Turn the breakers at the origin and at the end of the LINE 1, to OFF. 

 Connect the jumpers with the left capacitors, only in the LINE 1, to reproduce the 

capacitance between active conductors. 

 Connect the jumpers with the right capacitors, only in the LINE 1, to reproduce the 

capacitance between the active conductors and the ground. 

 Adjust the position of the selector Resistance LINE 1 at the desired value. 

 Connect with the three-phase power supply, and power (the allowed voltage value ranges 

from 0 to 400 V, and only if this value is around at half range, the warning lights available on 

the left busway will be on). 

 Turn the breakers at the origin and at the end of the LINE 1, to ON, in sequence; now 

the destination busway is energized and the voltage will be indicated by respective warning 

lights. 

 

 

2. MEASUREMENTS AND DISCUSSIONS 

 

2.1. Studying the operation of a power transmission line in no-load conditions (no-load 

current of the transmission line).  

To perform the measurements we will need: 

 Simulator of electric lines mod. SEL-1/EV 

 Variable three-phase power supply mod. AMT-3/EV, in option threephase line 

generated by the generator control board mod. GCB-1/EV, or a fixed three-phase line 3 x 380 

V 

 Three-phase transformer mod. P 14A/EV 

  Set of leads/jumpers for electrical connections 

 2 electromagnetic voltmeters with range of 250 - 500 Vac 

 1 electromagnetic ammeter with range of 100 mAac 

 1 electromagnetic wattmeter with low power factor 1-2 A / 240-480 V 

 The instruments of the generator control boards mod. GCB-1/EV or two digital 

instruments for measuring the parameters of electric energy in three- phase systems mod. AZ-

VIP, can be used as alternative. 
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Preparing the exercise: 

 Considering the transmission LINE 1 with the following constants: Resistance = 25 Ω; 

Capacitance = 0.2 μF; Inductance = 0.072 H; Length = 50 km; Section = 35 mm2 – conductor 

of copper. 

 Remove all the jumpers of the LINE 2 not considered. 

 Turn the breakers at the origin and at the end of the LINE 1, to OFF. 

 Connect the measuring instruments between the left busway and the terminals at the 

beginning of the LINE 1. 

 Connect the measuring instruments between the end terminals of the LINE 1 and the 

right busway. 

 Connect the jumpers with the set of left capacitors, only in the LINE 1, to reproduce 

the capacitance between active conductors (called CL). These capacitors can be connected 

either in star or delta configuration. The delta connection will ensure stronger capacitive 

currents. 

 Connect the jumpers with the set of right capacitors, only in the LINE 1, to reproduce 

the capacitance between the active conductors and the ground (called CE); connect also the 

jumper that grounds the star centre of the capacitors. In this case the only star connection can 

be carried out because each line conductor generates a capacitance to the ground. 

 Adjust the position of the selector Resistance LINE 1 at the value of 25 Ω. 

 Connect with the variable three-phase power supply by inserting the three-phase 

insulation transformer. 

The reference electric diagram, the connections and configuratation of the line are 

respectively shown în the figure 6. 

 Enable and adjust the voltage of the power supply at 380 V. The warning lights of the 

left busway will be on .Turn the breaker at the origin of the LINE 1, to ON. 

  All the parameters of the starting energy can be measured with the digital instrument 

available at the origin of the line. 

 Turn the breaker at the end of the LINE 1, to ON. 

 Read the electric quantities on the measuring instruments and write them down in the 

following table compare the reactive power measured on the line to that calculated with the 

following formulae: 

 VARUCQ LL 9380*10*2,0*50**2** 262

1    (7) 

 VARUCQ EE 3220*10*2,0*50**2** 262

0    (8) 

LQ - reactive power due to the capacitance between two active conductors; 

EQ - reactive power due to the capacitance between an active conductor and the ground. 
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LQ and 
EQ  resulting from the formulae indicated above are calculated for only one phase. The 

total reactive power of the three-phase system will result from the sum of the powers of both 

the three line capacitors and the three capacitors to the ground. 

 Total reactive power of the transmission line: 

 VARQQQ ELTOT 36*3*3   (9) 

The sign – (minus) indicates that the reactive power is of capacitive type 

 

2.1.1 Reactive power calculation as a function of variations in voltage.  

 VARUCQ LL 10400*10*2,0*50**2** 262

1    (10) 

 VARUCQ EE 3220*10*2,0*50**2** 262

0    (11) 

 VARQQQ ELTOT 39*3*3   (12) 

 VARUCQ LL 55,9390*10*2,0*50**2** 262

1    (13) 

 VARUCQ EE 3220*10*2,0*50**2** 262

0    (14) 

 VARQQQ ELTOT 66,37*3*3   (15) 

 VARUCQ LL 9380*10*2,0*50**2** 262

1    (16) 

 VARUCQ EE 3220*10*2,0*50**2** 262

0    (17) 

 VARQQQ ELTOT 36*3*3   (18) 

 VARUCQ LL 56,8370*10*2,0*50**2** 262

1    (19) 

 VARUCQ EE 3220*10*2,0*50**2** 262

0    (20) 

 VARQQQ ELTOT 7,34*3*3   (21) 

 

Fig.6 Power transmission line in no-load condition. Reference electric diagram 
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 VARUCQ LL 14,8360*10*2,0*50**2** 262

1    (22) 

 VARUCQ EE 3220*10*2,0*50**2** 262

0    (23) 

 VARQQQ ELTOT 42,33*3*3   (24) 

 

Table  1. The value measurements carried out on the basis of voltage variation 

Interlinked 

voltage 

measured at the 

rigin of the line 

U1 (V) 

Line current 

measured at the 

origin of the line 

I1 (A) 

Active power 

measured at the 

origin  of the 

line 

P1 (W) 

Interlinked 

voltage  

measured at the 

end of the line 

U2 (V) 

Reactive power  

measured at the 

origin of the line 

Q1 (Var) 

400V 0,056A 0W 400V -38,7Var 

390V 0,055A 0W 390V -37Var 

380V 0,054A 0W 380V -35,54Var 

370V 0,052A 0W 370V -33,6Var 

360V 0,051 0W 360V -32,1Var 

 

Table  2. reactive power and current results of calculations 

Voltage 

U1[V] 

Current 

I [A] 

Reactive power 

Q1 (Var) 

400V 0,057A 39Var 

390V 0,056A 37,66Var 

380V 0,055A 36Var 

370V 0,054A 34,7Var 

360V 0,053A 33,42Var 
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2.2. Studying the operation of a transmission line in no-load conditions with increased 

capacitance (no-load current of the transmission line) 

 

 

Fig 7. Three-phase transformer mod. P 14A/EV 

 

Preparing the exercise: 

 It uses the same type of equipment as the previous year following completion: 
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- Battery of capacitors, for instance that of 3 x 2 µF of the module AZ 191b, with the 

respective discharge resistances. 

 Prearrange the simulator as in the previous exercise(fig 6)  and connect the capacitors 

of the module AZ 191a in parallel with CL(becoming CLaux).-fig 8 

  

 

Fig 8. No-load performance of a power transmission line with increased capacitance 

 

 Actual measurements carried out on the LINE 1 with: Resistance = 25 Ω; Capacitance 

= variable 0.2 – 2.2 – 4.2 μF; Inductance = 0.072 H 
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Table 3 - transmission lines with auxiliary capacitors CLaux from the origin of the line 

Capacitance 

(μF) 

Interlinked voltage 

at the origin of line 

U1 (V) 

Current at the 

origin of the line 

I1 (A) 

Active power at 

the origin of line 

P1 (W) 

Interlinked voltage 

at the end of the 

line U2 (V) 

Reactive power at 

the origin of line 

Q1 (Var) 

0.2 µF 380 V 0.052 A 0 380 V - 34.5 VAr 

2.2 µF 380 V 0.520 A 0 380 V - 340 VAr 

4.2 µF 380 V 0.860 A 0 380 V - 568 VAr 

 

Studying the transmission lines represented with concentrated parameters will lead to 

consider that shifting the set of auxiliary capacitors CLaux from the origin of the line to the 

half length of the line and to the end of the line determines what is explained herebelow: 

- when the auxiliary capacitors CLaux are connected at the origin of the transmission line, the 

capacitive current crossing it will concern only the generator and it does not provoke any 

effect on the line resistance inductance; 

- when the auxiliary capacitors CLaux are connected at half length of the transmission line, 

the capacitive current crossing it will also affect the resistance where it provokes a power loss 

by Joule effect R x I
2
; 

- when the auxiliary capacitors CLaux are connected at the end of the transmission line, the 

capacitive current will cross not only the resistor (as in the previous point), but also the coil 

where it provokes a further power loss R x I
2
due to the resistive component of the coil (the 

coils of the simulator are wound on a ferromagnetic core and consequently 

they also have a resistive component). 

 Actual measurements carried out on the LINE 1 with: Resistance = 25 Ω; Capacitance 

= variable 0.2 – 2.2 – 4.2 μF; Inductance = 0.072 H 

 

Table 4 - transmission lines with auxiliary capacitors CLaux from the origin of the line to the half 

length of the line and to the end of the line 

Capacitance 

(μF) 

Interlinked voltage 

at the origin of line 

U1 (V) 

Current at the 

origin of the line 

I1 (A) 

Active power at 

the origin of line 

P1 (W) 

Interlinked voltage 

at the end of the 

line U2 (V) 

Reactive power at 

the origin of line 

Q1 (Var) 
0.2 μF 

origin of line 
380 V 0.052 A 0 380 V -34.5 Var 

0.2 μF 

half line 
380 V 0.044 A 4 W 380 V -29Var 

0.2 μF 

end of line 
380 V 0.055 A 6 W 380 V -36 Var 

2.2 μF 

origin of line 
380 V 0.52 A 0 380 V -340 Var 

2.2 μF 

half line 
380 V 0.51 A 18 W 380 V -335Var 

2.2 μF 

end of line 
380 V 0.53 A 23 W 380 V -350 Var 
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4.2 μF 

origin of line 
380 V 0.86 A 0 380 V -568 Var 

4.2 μF 

half line 
380 V 0.82 A 26 W 380 V -540Var 

4.2 μF 

end of line 
380 V 0.90 A 32 W 380 V -590 Var 

 

 The sign – (minus) indicates that the reactive power is of capacitive type. The 

measured power can have a deviation of +/- 10 % for the tolerance of capacitors 

 

 

3. CONCLUSIONS 

 

 Following measurements it was found that the values resulting from calculations are 

very close to the results of measurements. The difference is due to errors of measurement 

devices. It is found in the presented reactive power measured is directly proportional to the 

mains voltage.  

 The parameter of capacitance is directly proportional to the length of the transmission 

line .It is concentrated into an equivalent total capacitance only for an easier study. Actually 

the “parameters” of a transmission line (capacitance and resistance in this particular case) are 

distributed; crossing the line resistors the capacitive currents will provoke power 

 The values obtained from the calculations can help both the operating personnel, 

working with the line having voltage levels 6,10,20,35,110,220,400,750 kV, the 

understanding of how power flows reactive Upon awakening in the line is in operation only 

one end the other is the backup, and the measures to be taken to control reactive power 

influencing the nodes tensions. 
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Abstract: This paper presents the use of a robotic arm PLC Siemens in order not using 

CNC commands. This is done by programming the PLC ladder diagram language that 

makes movement on the three axes of the arm by means of stepper motors. Required 

command console PLC is built with the help of a touch screen HMI Weintek. In the user 

interface are introduced distances and displacement speeds on the three axes. 

 

 

 

1. INTRODUCTION 

 

 Industrial robots have emerged in response to the human need for automation of 

production processes, especially those repetitive. Besides stationary industrial robots, built 

mainly from the need to increase productivity in recent years have also been used the mobile 

robots. The main activities that can be taken by industrial mobile robots are linked to transport 

and manipulating objects and sometimes achievement of processes (painting, inspection, 

assembly, etc.). 

In order to optimize the execution of these activities, many current field studies based 

programming lead to the cognitive attributes (reason, perception, understanding and learning) 

mailto:alina_balan91@yahoo.com
mailto:gherasim.domide@cunbm.utcluj.ro
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that the abstraction, generalization, specialization, representation, knowledge, concentration, 

socialization gives robots a level high intelligence. 

Industrial robots are point of intersection of the latest discoveries in a number of areas: 

mechanics, automation, electronics, computers and drives. The complexity of this sector is 

reflected on the mechanical architecture and the system management. 

The automation of the manufacturing processes was required by the general effort of 

the industrial manufacturers to obtain high productivity and to improve the quality and 

reliability of products.  The decrease of manufacturing costs and the improvement of work 

conditions are aimed. PLC's are used in numerous applications, particularly in industry and 

has a number of advantages, most of which important are reducing production time and lower 

costs. In principle, any application that requires electrical control needs a PLC. [2, 3] 

Sending commands from the PLC program to the robotic arm elements require the use 

of stepper motors, which makes the transmission travels on mechanical components. Robotic 

arm allows movement in three axes and is equipped with three stepper motors. 

 

 

2. APPLICATION COMPONENTS 

 

2.1. PLC Siemens CPU 313C 

 PLC (Programmable Logic Controller) Siemens CPU 313C is composed of a power 

supply, a CPU and modules input and output (I/O modules). It monitors and controls 

equipment (installation) using Step7 software which through the addresses accessed I/O 

modules and internal elements entering the programming applications. 

 

2.2. HMI Weintek 

All PLCs do not dispose a graphical interface control (Human Machine Interface - 

HMI), requiring the use of an HMI to enter input data and monitor progress made by the 

program (fig. 1).  

HMI MT8070 iH is a touch screen produced by Weintek, which facilitates the creation 

of a graphic interface for a large number of PLCs found on the market. MT8000 series is the 

new generation of HMI from Weintek. 

EasyBuilder Pro is software developed by Weintek for programming various types of 

graphical user interface to controlling and command the various types of PLCs. The software 

has a diverse library of images, buttons, graphics, and sound monitoring screen, but also 

allows the insertion of other elements that can be used to create interfaces, depending on the 

project conducted. 
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Fig. 1 - Touch screen Weintek 

 

2.3. Stepper motors 

The applications of the stepper motors are limited to cases where high power is not 

required (usual powers between field’s microwatt and kilowatt). 

Stepper motors are used in low power applications that are characterized by quick 

movements, precise, repeatable: xy plotters, floppy disk drive, moving print head printers, 

operating mechanisms and pressure oriented robots axial displacement systems elements 

optical, tables positioning 2D drilling machines, in aviation etc. [1] 

The stepper motor is used in control schemes with software systems and pulse. The 

use of computers for the control of complex processes is necessary to process signals, 

impulses form is what can be done with stepper motors. 

 

 

Fig. 2 - Stepper motor Nema 42 

 

Nema 42 stepper motor was developed primarily for users who have restricted 

installation space available and want a motor with increased torque (fig. 2). Nema 42 motor 

uses advanced magnetics technology to give the couple a level significantly higher than that 

of a standard motor device. 
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3. APPLICATION DEPLOYMENT 

 

The project was realized using two software: Simatic Step 7 Manager, software for 

programming PLCs manufactured by Siemens, and EasyBuilder Pro software used to create 

graphical interfaces used in the simulation.  

The programming using Ladder Diagrams appeared in the case of programmable 

controllers due to the necessity to have an easy programming way which allows the 

realization of applications without having complex programming knowledge.  

The Ladder Diagrams are taken from electrical field and they inherit certain names 

and representations from this field. The base elements of the ladder diagrams are the contacts 

and coils. [5] 

 

3.1. Movement of robotic arm in the PLC 

For starters we established the entries will start or stop operation scheme, starting 

scheme is through the PLC inputs I124.0, I124.1 so that starting or stopping operation scheme 

is performed by simply flipping the inputs who are rebound. 

 

 

Fig. 3 - Start/Stop of process 

 

In figure 4 it can be observed operation outputs Q124.0, Q124.1, Q124.2, these 

outputs are required to give impulses of the stepper motors through frequency converters, 

which are connected to the PLC terminals corresponding user exit. 

As can be seen these outputs will be active when the program starts and the necessary 

buttons are enabled conditioning the axes functions as timers to be in working. These output 

besides the impulses getting from the operating time are on also for the markers 

corresponding directions. 
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Fig. 4 - Commands on X, Y, Z axis 

 

Time relay is one of the most important components of the programing in the works 

scheme we decided that it will be active only when one of the two inputs automatic/manual is 

active. In the network has introduced a marker M1.5 in order to establish its operation only 

when we want, marker M1.5 is designed for interface. 

For making impulses every 30ms (value set by us) we inserted a marker M0.5 (fig. 5), 

it starts and stops the relay operation time doing a loop sending one pulse every 30ms. 

 

 

Fig. 5 - Making impulses 30ms 

 

Time relay sends these pulses and impulses counter that counts up the number if entry 

CU (count up) incrementing by 1 the value of each pulse received from the relay time or the 

entry CD (count down) it decrements by 1 the value of the which is in the time counter. 
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4. HMI INTERFACE OF THE PROGRAM 

 

4.1 Main menu panel 

Main Menu panel (figure 6) present major information to any user, while having 

windows (screens) for additional axes robotic arm that works. This panel consists of buttons 

with which we communicate with the other interface windows, buttons and switches 

automatic and manual start and stop the operation of the program 

 

 

Fig. 6 - Main menu panel 

 

Start and stop buttons are buttons of starting and stopping set the programmed bit, 

we're still here and start and stop lights working distance when inputs I124.0 (start) and 

I124.1 (stop) operates the same from the PLC program (fig. 3). 

 

4.2. X axis menu 

 Accessing window X axis is done by pressing the X axis in the Main Menu window. 

In this window you can find the main buttons for operating the robotic arm on the direction of 

X (fig. 7). 

 

Fig.7 - Menu of X axis 
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The numerical indicators, setare paşi/mm la o turaţie de 200, valoarea înmulţită, 

valoare counter, setare paşi/mm la o turaţie de 1000 and numerical button setare număr we 

finding also on the windows of Y and Z axis. 

The numeric display can be set from Weintek panel and input to the PLC through the 

marker word (fig. 8): 

 

 

Fig. 8 - Setting of the numeric display 

 

Numeric indicator Setare pași/mm la o turatie de 200 (MW8) indicates how many 

steps must be at a speed of 200 steps in order to move a millimeter. 

The button Axa X (M1.0) starts axis x along with relay output time (timer) and output 

counter. 

LED Axa X (M1.0) indicates the function on X axis, the button works when the X axis 

button is pressed. The button Sens înainte (M0.3) controls robotic arm in the forward 

direction. 

The interface consists of windows which make it possible to navigate between the X, 

Y and Z of the robotic arm. It performs the following commands: 

- Establish starting and stopping application with Weintek panel, 

- Set the distance you want to made the arm on the axes X, Y and Z, 

- Setting impulses which they receive stepping motors, engines impulses have 

different configurations from 200 to 12800 pulses. 

- Setting the direction of movement of the robotic arm in the X, Y and Z. 

In this window is represented the functioning of the robot arm on the directions X and 

Y accessing is done from the Main Menu window. Window animation follows the movement 
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of the robotic arm on the X and Y directions in both automatic and manual modes (fig. 9). 

This shows how the robotic arm moves in X and Y was set as the the range of movement of 

the arm on axis. 

 

 

Fig. 9 - Manual mode 

 

 

5. CONCLUSIONS 

 

The paper highlights the utility and importance of programmable automates in the 

control of the industrial processes, command the function over 3 axis of a robotic arm, in 

order not using CNC commands.  

This is done by programming the PLC ladder diagram language that makes movement 

on the three axes of the arm by means of stepper motors. PLC command console is built with 

the help of a touch screen Weintek for introducing the distances and displacement speeds on 

the three axes. It allows to start and stop the application on the panel WEINTEK, as well as 

monitor the movement on the axes 

PLC programming has the advantage of creating artificial intelligence by 

implementing control algorithms in the software and the ability to perform movements based 

on data provided by the sensors imposed by the developed. 
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Abstract: This paper presents a study, design and simulation of a Free Piston Stirling 

Engine Linear Alternator. There are presented the main steps of the magnetic and electric 

calculations for a permanent magnet linear alternator of fixed coil and moving magnets 

type. Finally, a detailed thermal, mechanical and electrical model for a Stirling engine 

linear alternator have been made in SIMULINK simulation program. The linear alternator 

simulation model uses a controllable DC voltage which simulates the linear alternator 

combined with a rectifier, a variable load and a DC-DC converter, which compensates for 

the variable nature of Stirling engine operation, and ensures a constant voltage output 

regardless of the load.  

 

 

 

1. INTRODUCTION 

 

 Environmental concerns and increasing electricity demand increased interest on the 

use of renewable energy, the energy recovery from organic waste, in special agricultural 

waste and wood waste. Stirling engines technology was developed based on their advantages 

over other heat engines: 

 higher efficiency; 

 possibility of using a large class of fuels or other sources of unconventional heat; 

 the noiseless operation without vibration. 

 A potential market is that a small-power systems for electricity generation in 

cogeneration mode for residential applications.  
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 So far, the research done in of Stirling engines field have not given importance to the 

interaction between the thermo-mechanical part and the electrical of a Stirling engines. This 

paper tries to compensate for this shortcoming by developing a model in SIMULINK 

simulation environment for electrical part of a cogeneration system of electricity and heat 

based on Stirling engine. Has been designed an electrical system which assure an adaptation 

between the variable voltage of a Stirling engine linear alternator based cogeneration system 

and a variable load connected to the power consumer, based on a DC-DC converter of the 

buck-converter type. The principle of operation, the design, the achievement of this system 

and the simulation results will be presented in the following paragraphs.  

 

 

2. FREE PISTON STIRLING ENGINE DESIGN 

 

For this paper, a typical cogeneration system based on Stirling engine is studied, 

designed, modeled and simulated, this system is shown in figure 1.  

The heat produced by burning organic waste put the free-piston Stirling engine in 

operation. The operation the linear alternator produces a variable single-phase alternating 

voltage, that will be rectified with a diode rectifier. This voltage will be converted in a 

prescribed DC constant voltage by using a DC-DC converter of the type buck-converter by 

means of a feedback controller based on a PI controller. 

Engines using the Stirling cycle have clear advantages compared with the small 

internal combustion engines in the field of power generation as: dish solar systems, biomass 

energy conversion, residential heat and power cogeneration and another applications. The 

main advantages are: bigger thermal efficiency; long life and multiple fuel capability. 

In the last sixty years, hundreds of millions of dolars have been invested in 

development of kinematic Stirling engines, in which the pistons are conected in various 

mechanical linkages. Despite this significant effort, neither efficient mechanically reliability 

nor large scale commercial production of kinematic Stirling engines has been achieved. 

 

 

Fig. 1. The studied system configuration. 

In order to avoid the kinematic Stirling engines design problems, a new class of 

Stirling engines have been developed: free piston Stirling engines. 

 The free piston Stirling engines have the following characteristics: 
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 mechanically simple construction – only two pistons in a common cylynder; 

 the using of mechanically springing; 

 high mechanical and electrical efficiency; 

 the using of a direct driven permanent magnet linear alternator; 

 extremely easy starting; 

 no lubricant other than working gas. 

In this configuration, the power piston is not mechanically connected to an output shaft. 

It bounces alternately between the space containing the working gas and a spring (usually a 

gas spring). In many designs, the displacer is also free to bounce on gas springs or mechanical 

springs (figure 2). This configuration is called the Beale “free-piston” Stirling engine after its 

inventor, William Beale [1]. Piston stroke, frequency, and the timing between the two pistons 

are established by the dynamics of the spring/mass system coupled with the variations in 

cycle pressure. To extract power, a magnet can be attached to the power piston and electric 

power generated as it moves past stationary coils [2]. These Stirling engine/alternator units 

are called “free-piston” Stirling converters. 

 

Fig. 2 Basic components of Beale “free-piston” Stirling engine [3]. 

 

The free piston Stirling engine can operate as a constant voltage generator. The linear 

alternator is the most expensive component of the system. The springs supports all and avoid 

any friction and wear during linear oscillation. The flexures can be designed for a long life of 

about 40,000 hours of operation. Theese flexures serve as friction free bearings to maintain 

the magnets in the flux gap. If the air gap is about 1 mm, there are no severe demands for 

radial position, and the springs can be made inexpensively. 

The design starts with the Beale developed power formula [5]. Beale indicated that the 

power output of several Stirling engines observed could be calculated from the equation: 

pm VfpP  015.0  (1) 

where: 0.015 is the Beale number, P is the engine power output in Watts, pm the mean cycle 

pressure in bar, f the cycle frequency in Hz, and Vp is the displacement of power piston in 

cm
3
. The Beale number was modified by West as follows: 

CH

CH
pm

TT

TT
VfpFP






 

(2) 
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where the factor F=0.25-0.35 can be used for practical use, TH is the hot side temperature and 

TC is the cold side temperature. 

From this we can calculate: 

3117
180

766

10325.0

200
cm

TT

TT

fpF

P
V

CH

CH

m

P 









 , (3) 

where P=200 W is the power rate of the engine as design datum, pm=(0+6)/2=3 bar, f=10 Hz, 

TH=473 K and TC=293 K. 

The oscilating amplitude must be as high as pole pitch, which has been chosen as high 

as permanent magnet height: 

cmmhA m 33.10133.0    (4) 

The oscilating amplitude A give us the swept volume of power piston. 

pp AAV   (5) 

where Ap is the power piston area: 

2
3

88
33.1

117
cm

cm

cm

A

V
A

p

p   
(6) 

Now we can calculate the power piston diameter: 

mmcm
A

d
p

p 1066.10
8844










 
(7) 

This dimension was used in the drawing of the designed “free-piston” Stirling engine 

presented in figure 3. 

 

Fig. 3. The designed free-piston Stirling engine 
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3. PERMANENT MAGNET LINEAR ALTERNATOR DESIGN 

 

3.1 The Magnetic Circuit Design 

This alternator is of the synchronous type with excitation from the permanent magnets. 

From the figure 3 it can be seen that field line passes the air gap for two times, so the 

necessary magnetomotive force is: 

A
B

Fmm 15921012
104

1
2 3

7

0

0 


 





 

 

(8) 

where B0=1T is the mean value of magnetic flux density in the air-gap, δ=1mm is the air-gap 

lenght and μ0 is the magnetic permeability of the air. 

For the magnetization it was chosen two ring permanent magnets of the type 

EURONEOS 40x20x13.3, which have the properties presented in the table 1. 

 

Table 1. The permanent magnets properties of the type EURONEO 3 40X20X13.3 

Material Br [T] Hc [kA/m] BHmax [kJ/m3] D [mm] d [mm] h [mm] 

N35 1.2 868 280 40 20 13.3 

 

The magnetomotive force of the one magnet is: 

kAhHF mmm 65,60133.0500   (9) 

Can be seen that 6.65kA=6650A>1592A, therefore, the magnets were chosen correctly. 

 

3.2 The Coil Design 

The indus coil design will be made according to the voltage that is aimed to be 

induced in the coil. We considered an induced voltage at 10 Hz frecvency of U=18 Vef 

voltage. The magnetic flux by this coil varies between + max  and -max so that the magnetic 

flux variations: 

  mmAB22 maxmaxmax 
 

(10) 

The permanent magnet area is: 

   
.1094210

4

2040

4

2626
2222

mm
dD

Am

 








 
(11) 

Now, the magnetic flux variation is: 

.101130109422.1
2

22 626 WbmTABA
B

AB mrm
r

mm

   
(12) 

The turn voltage is: 

turnVWbHzf
T

e /103.111013.110 33  


  
(13) 

considering f=10Hz from mechanical design stage. 

For a voltage of U=18Vef we will need: 
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.2252
103.11

1822
3

turns
e

U
N 











 

(14) 

The magnetic circuit window where the coil is placed has the area: 

2.6003020 mmbaAf   (15) 

The coil conductor cross-section area is: 

21
16.0

2252

6.0600
mm

N

kA
s

f

c 






 

(16) 

where k1=0.6 is the winding filling factor. 

Now we can calculate the fixed coil conductor diameter: 

.45.0
16.044

mm
s

d c
c 







  

 

(17) 

 

4. SIMULATION MODEL OF FREE PISTON STIRLING ENGINE LINEAR 

ALTERNATOR 

 

 In figure 4 is presented the SIMULINK model of the linear alternator (DC controlled 

source), DC-DC converter of buck type and the load composed from a fixed part and a cyclic 

load with 200 Hz frequency. 

The linear alternator combined with a rectifier is designed to produce a variable voltage 

around the value of 18Vdc. The DC-DC buck converter is combined with a voltage control 

loop which assures to the load, just in case of variable load, a constant DC voltage of 

prescribed value, in the case above of 12 Vdc. 

 

Fig. 4 The SIMULINK model of the Free piston Stirling engine linear alternator 
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5. SIMULATION RESULTS 

 

In the next figures are presented some simulation results. In figure 5 is presented the 

out voltage Vout and the cyclic load current. 

 

 

Fig. 5 The stabilized Vout and the cyclic load current. 

 

 In the figure 6 is presented the total load current. 

 

 

Fig. 6 The total load current. 

 

Here can be seen the constant load of about 3 A and the cyclic load of 2 A. 

In the figure 7 can be seen the PI control signal of PWM generator. 
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Fig. 7 The PI control signal of PWM generator. 

 

 

6. CONCLUSIONS 

 

In this paper a tubular type linear generator for a free piston stirling engine is studied 

and designed. The ring-shaped iron rotor with the rare earth axially magnetized permanent 

magnets is used as magnetic pole of the mover, because in the case of symmetric structure the 

leakage magnetic flux is smaller than that of the flat type one. Also, the mass of the copper 

coil is less than that in the case of flat-type generator because there is no end coil. 

This paper also presents a SIMULINK simulation of the electrical part of a free piston 

Stirling engine cogeneration system. Because the linear alternator together with the diode 

rectifier produces a variable DC voltage, a voltage stabilizer loop is provided in order to 

assure a constant output voltage of prescribed value. This SIMULINK model is similar with a 

real electrical system used in the case of a free piston Stirling engine cogeneration system of 

small power for residential applications. 
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Abstract – Nowadays, Romania confronts with a storm of the already implemented 

projects or in development as regards the wind and photovoltaic power plants, located to a 

great extent in Dobrogea, an area where the power consumption is low. Also, the 

capacities of discharge power lines on this area are limited. Compare with the wind power 

plants, the photovoltaic power plants have a more uniform spreading in the country. A 

great importance have the aspects that concerns the level where the wind power plants 

penetrates the National Power System. Considering the practice used in EU countries, 

which have a high penetration potential of the renewable energy in the National Power 

System, Romania needs to reorganize the current structure taking into account the adopting 

of one organizational structure dedicated in that meaning. As follows, there are presented a 

number of solutions to be adopted for this purpose. 

 

 

 

1. INTRODUCTION 

  

 In the European Parliament and European Council there is a mechanism which  

regulates the promotion and the use of renewable energy (Directive 2001/77/EC, replaced 

later with Directive 2009/28/EC). 

 The mentioned directives are designed to determine the share of renewable energy in 

the EU's GDP in 2010 and for the period 2010-2020 (20% in 2020). Therefore by the Law 

220/2008 Romania established: 

mailto:yo5pcw@yahoo.com
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- The objectives regarding gross final consumption of electricity produced from 

renewable sources are: 35% for 2015 and 38% for 2020; 

- The obligatory quotas for the electricity produced from renewable sources, with a 

promotion system are: 16% for 2015 and 20% in 2020. 

- This system of green certificates promotion of E-RES (electricity produced by 

renewable energy sourses) with the help of  each 1 MWh produced or delivered by the 

E-RES producers receives two green certificates for wind power plants (untill 2017).  

 

The reasons to promote E-RES are likely: 

 economic: aims particulary the security of  the energy supply and the industries which 

use E- RES; 

 social: aims the employment; 

 environmental: as clean sources or as contribution to reduction of climate changes 

etc. 

 In Romania, there are today many projects implemented, located in a continuous 

development of wind power. Dobrogea region is dominated by the wind. In that part of the 

country's consumption is quite low, there is also a nuclear power plant. The region is lacking 

by the power plants able to take swings electricity production and for energy removal 

products to other areas there are severe limitations. 

 

 

2. THE SITUATION IN ROMANIA INSTALLATION IN SEN A CEE 

 

At the end of July 2013, in Romania, there were installed 2198.9 MW in 66 wind 

power plants. Regarding the maximum power that the wind power plants produced  in 

Romania, we can say that it has tended the maximum of 1,840 MW on 04/14/2013 at 10:49 

p.m. hours. In that time, this power was approximately 87.6% of the total capacity installed in 

the wind power plants which operated in Romania at that time (around 2,100 MW). Taking 

into account the data provided by NC Transelectrica, we find that the total capacity installed 

and affordable at the first octombre 2013 in the wind power plants, was 2,325 MW. 

We present an overview about the situation existing projects in September 2013 of wind 

power plants, taking as reference points the connection requests and the situation 

commissioning. 

 

Table 1 - The situation existing projects in September 2013 of wind power plants, taking as reference 

points the connection requests and the situation commissioning. 

 CEE 

connected at  

RET [MW] 

CEE 

connected at 

RED [MW] 

Total 

[MW] 
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 It is estimated that by the end of 2015 in Romania will exist a total installed capacity 

of wind power plants of about 4,200 MW. Also, it is possible that for periods of strong winds 

these plants will produce a maximum power around 3,680 MW and the average power will be 

1,050 MW. 

Following the studies made by experts, we  can say that there are a lot of situations 

where the energy production related to the wind power plants sincreases or decreases rapidly, 

sometimes in short intervals. We conclude that the energy from renewable sources, 

particularly the wind and the solar, have certain special characteristics because they are 

intermittent and uncontrollable. Thus, it requires: 

 providing electrical power sources;  

 forecasting accurate, regularly updated and the control of energy from both renewable 

and distributed generation sources. 

 

 

3. SOLUTION FOR A DEDICATED MANAGEMENT STRUCTURES 

INTEGRATED RENEWABLE ENERGIES 

 

3.1 Preliminary Notions 

 If we want to integrate the production of electricity from renewable sources (wind, 

solar etc..), we  will face some operational difficulties regarding the power systems. It 

requires finding solutions: dispatching balancing or control. These problems not depend only 

on the technical side, but are closely related with the organizational, economic or regulatory 

side, all of them can be solved with a balanced approach of all the parts together. 

 IWES Fraunhofer Institute in Germany has introduced and developed the concept of 

"Virtual Wind Power Plant" applied to a plant or a cluster ( a group of wind power plants), 

which has led to the concept of wind power generation control. Currently, rising is the 

concept of Virtual Power Plants based on renewable energies that we apply to countries like 

USA, Germany, Portugal, Spain etc. Thus, more renewable sources are involved for the 

complementary generation (with priority access to the grid and dispatching).  

Considering the previous context, we propose a dedicated structure in terms of leadership and 

management by dispatching. 

CEE with 

tehnical 

connections 

 

3.105 

 

1.354 

 

4.459 

CEE with  

connection 

contracts 

 

9.431 

 

5.181 

 

14.612 

Total 12.536 6.535 19.071 

CEE with   
completed 

commissioning  

 

1.005,6 

 

1.304,8 

 

2.310,4 
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3.2. The Grouping into Clusters of Wind Power Plants Based on RES 

 After the model of west countries, in such a group we have engaged plants based on 

RES with different locations, but connected directly or indirectly to the same node belonging 

to the electricity transmission network in order to form / function like a "Virtual Power Plant 

based on RES." 

 In Figure 1 we represent a cluster. 

 

 

Figura 1 –The definition of a cluster of  CER 

 

 If in a cluster there will be some unregulated plants, they will be filled by those where 

the control is possible. The fact that the engagement of these plants is made on the principle 

of direct or indirect connection to a common node grid ( electricity transmission network , in 

order to achieve the Virtual Power Plant ), is due to the transmission system operator ( TSO ) 

which is interested in power consumption, the injections and the grid node voltages in order to 

generate scheduling and real-time analysis with the objective : the power flows on the grid 

lines, the analyse of the wrong and random inputs  in the grid, the transformers in grid nodes, 

the node voltage grid, the reactive power etc and, on the  base of centralizing the data from 

grid nodes, we’ll be able to execute a series of actions (in real time) aimed at: balancing, 

adjusting voltages of nodes, the power-frequency control, optimization, safety in operation 

RET and SEN. 

 In countries like Germany, USA etc. the concept "Virtual Power Plants based  on 

Renewable Energy'' (VRPP - Virtual Renewable Power Plants) is already widespread, thus 

generating electricity in photovoltaic power plants associated with the wind power plants 

(which produce energy at night). Another  combination is that of the wind power plants with 

in the electric power plants, based on biomass or thermo (both with a certain capacity in terms 

of the output adjustment). The concept mentioned will above: 
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 that the wind power plants are grouped in order to smooth the power injected into 

SEN, the reduction of power in the large wind power plants and its control;  

 the strengthening of distributed generation (DG) using biomass localy or regionaly 

with wind or photovoltaic power plants; 

 a correlation of the distributed renewable resources, to evaluate the excess of the 

energy produced, to determine the need for local storage capabilities etc. 

 

3.3. A Proposed System for Managing the Clusters of Electric Power Plants Based on RES 

We propose the adoption of the SEN control over the generation of electric power plants 

based on the RES by clusters of electric power plants with renewable sources basing on: 

 A hierarchical management system;  

 The OTS control the clusters to the needs of SEN;  

 A Management System of Cluster based on renewable energy sources (SMCR), 

which contains an organizational structure and a hardware or software one, 

hierarchically on two levels (1 - Central Dispatch Renewable DEC / DCR , 2 - 

Centers of Dispatch of Clusters Renewable Plants DCCR). 

Thus, the SMCR system management (Figure 2) will be in the DEC, helping the 

dispatchers in DEC's control room when each cluster should be operated separately, as 

SEN required. 

 For a better function (safely), both at SEN and at the energy transport networks should be 

followed some management strategies: 

- the tension control, as in conventional electric power plants; 

- the reducing of gradients at loading and unloading of the wind power plants; 

- the photovoltaic and wind power plants must provide a reactive power as well as the 

conventional ones;  

- the photovoltaic and wind power plants must provide a balancing power as well as 

conventional ones;  

- a management of congestions in the transmission network; 

-  a programming of wind power and photovoltaic  plants generation for the 

achievement of a safe operationfor the power system planning. 

 The Figure 3 shows the implementation of Power Management Systems (PMS), 

generated by the electric power plants which composed a cluster. Using the cluster PMS, 

we can apply a set of management strategies: 

 the providing of reactive power in an usually domain without depending on the 

characteristics of the wind for wind power plants or weather conditions if we talk 

photovoltaic plants. 

 the generation programming must be configured (active power), to be followed by a 

given program for wind power plants, depend on wind, the photovoltaic plants 

depending on atmospheric conditions. 
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Figure 2 – The structure for monitoring and control SMCR system  

 

 

Figure 3 – The movement of data between SMCR, PMS and EMS SCADA for the Transmission 

Operator and System  

 

 According to figures 2 and 3, the SMCR subsystem found at DEC headquarters will 

receive data (Pproduct, Qproduct, Pavailable) from each SMCR subsystem related. In turn, all 

SMCR subsystems related to the  dispatcher cluster plants will receive instructions for 
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clusters  from the SMCR subsystem located in DEC headquarters.  

 The day before, after receiving weather forecasts, MCR will estimate a forecast of the 

power that could be generated for each cluster the next day. This forecast is sent to DEN, as 

we can see in Figure 4. 

 

 

Figure 4 – The SMCR subsystem   

 

 Using this forecast in the next day programming of power which will be generated in 

SEN, the DEC / DEN are designed to calculate the circulations of the power transmission 

network, to detect the possible congestions, achieving a primary programming of power that 

will be generated each cluster in the next day, to balance the production and consumption in 

the SEN, this appointment being sent to MCR. The EMS SCADA system located in DEN will 

calculate the power requirements to a specific node of RET. Also, here are calculated the 

contingencies, the transfer capability of RET, the maximum power generated allowed in the 

network, the short circuit level, from DEN, for the evaluation of the SEN and RET safety. The 

corroboration of these calculations becomes active and reactive power requirements (P, Q) for 

the generation of RET nodes where the clusters are connected. 

 If necessary, MCR will recover the calculations, aiming DEN’s compliance 

requirements refering to the programming of the power that will be generated the next day 

each cluster. Like this, the generated programms established for each power plant in part, to 

ensure that the cohesion of all power plants in clusters will lead to DEN requirements.  

Noteworthy is that the weather forecast for next day uses only like estimation of the 

generation by the power plants. 

 Throughout the operation of the MRC is able to more accurately estimate the power in 

each cluster can lead to, for time intervals of up to 4-6 hours, measuring and interpreting the 

current weather data. 

Taking into account the current requirements regarding the power that each cluster must 

ensure, that are received every 15 minutes from EMS-SCADA to DEN, MCR will forecast 

power to be generated by each cluster for the next interval, for up to 4 hours, then the 
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generation programming of each power plant will be recalculated. Black lists will be referred 

from the SMCR subsytem of DEC to all SMCR subsystems related to the dispatch centers of 

clusters. Once received the Clusters requirements dispatch centers and the power plants that 

are in authority, they must execute them. The distribution of black lists for power plants will 

be conducted by the SMCR subsystems related to the dispatch centers of clusters.  

In parallel with the existing control flow from the DEC Dispatch centers of clusters, 

we will find a flow monitoring data from the SMCR subsystems of the dispatch centers of 

clusters at the SMCR subsystem of DEC headquarters, thus allowing for the SMCR 

subsystem DEC to identify the current state of the cluster and the power plants, thus 

performing their own forecasts. 

 All these specific monitoring data allow us to know the current status of the cluster 

generation, so it is always necessary to have a way of communication between the levels (two 

in number) of SMCR system for a continue circulation of the information. Thus, we can use 

up the infrastructure communications SCADA system in order to move the required data of 

SMCR system.  

 

 

IV. ELECTROMAGNETIC INTERFERENCE IN THE WIND FARMS 

 

 It is known that both radio waves and microwaves are used on a large scale in order to 

communicate. Generally any structure gauge which has moving parts will result in 

electromagnetic interference (Figure 5). 

             The turbine’s blades causes interfaces reflecting electromagnetic signals, so that the 

handsets nearby will take direct and the reflected signal. Such signals are out of phase (the 

reflected one is delayed due both wavelength equivalent natural frequency of the blades and 

the blades due to rotation - Doppler effect). 

 

 

Figure 5 – Electromagnetic Interference  in the Wind Farms 

 

 The metallic materials, hightly reflected benefit by a more pronounced interference 

compared to wood or epoxy resins. The modern blades are made of a durable metal longeron, 
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dressed in polyester, reinforced with fiberglass, they are less transparent electromagnetic 

waves. The communication frequencies will not be visible altered if the wavelength of the 

transmitter will be 4 times greater than the height of the wind plant. The frequency limit is of 

1.5 - 2 MHz (150-200 m), theoretically there is no upper limit. 

 The types of signals for civily and military communications, which may be subject to 

electromagnetic disturbances include: radio and TV signals, air or naval traffic control radar 

systems, mobile phone.  

Occasionally there may be interference with a small number of TV receivers. It can 

suppress these problems, using multiple transmitters and / or receivers targeted or wired 

network.  

 To find technical beneficial solutions is necessary to require at the specialized 

organisms. Thus, we have previously to analysed the placement of wind power plants 

installations, considering the transmitters and receivers nearness. 

 

 

V. CONCLUSION 

 

The article capture some aspects concerns the wind power plants penetrate the National 

Power System. The reasons to promote E-RES are: economic, social and environmental.  

The energy from renewable sources, particularly wind and solar, have certain special 

characteristics because they are intermittent and uncontrollable. Thus, it requires: 

 the providing electrical power sources;  

 the forecasting accurate, regularly updated and the control from both renewable 

energy and distributed generation sources. 

        It proposes a system for managing the clusters of  the power plants based on RES.  

        All groups wind / solar / mixed related to a wind / solar / mixed power plant will be 

connected to a LAN (local area network), which in turn is connected to a remote control 

system involved in managing the collected data, in adjusting the settings of the wind groups, 

in warning, troubleshooting and reporting to the National Control Centre. 
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Fig. 4 - Magnetic flux density at 1 m above the ground 
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